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Abstract. This paper addresses droughts in the Czech Landated between 26 in 1951-2000 and 16 in 1651-1700. Only
in the 1090-2012 AD period, basing its findings on docu- nine drought years were recorded between 1641 and 1680,
mentary evidence and instrumental records. Various docuwhile between 1981 and 2012 the figure was 22 yr. A num-
mentary sources were employed for the selection of droughber of past severe droughts are described in detail: in 1540,
events, which were then interpreted at a monthly level. While1590, 1616, 1718 and 1719. A discussion of the results cen-
the data on droughts before 1500 AD are scarce, the analyres around the uncertainty problem, the spatial variability
sis concentrated mainly on droughts after this time. A dryof droughts, comparison with tree-ring reconstructions from
year in 1501-1804 period (i.e. pre-instrumental times) wassouthern Moravia, and the broader central European context.
defined as a calendar year in the course of which dry pat-
terns occurred on at least two consecutive months. Using

this definition, 129 dry years were identified (an average of )
one drought per 2.4yr). From the 16th to the 18th centuriest ntroduction
these figures become 41, 36 and 49 yr respectively, with the

prevailing occurrence of dry months from April to Septem- t‘)D:ought; mayhbe d;afinec: as alnegativ:e deviation of water
ber (73.7%). Drought indices — SPEI-1, Z-index and PDs| Pa!ance from the climatological norma’ over a given area.

_ calculated for the Czech Lands for Apri-September de_This implies that drought is a result of deficiency in precip-

scribe drought patterns between 1805 and 2012 (the instry/iation over an extended period of time, wh|I_e other mete-
mental period). N-year recurrence intervals were calculated)rOIOglcal elements _(SL.jCh. as temperature, w_md and humid-
for each of the three indices. Using N5 yr, SPEI-1 indi- !ty) frequently intensify its Impacts. E}ased ontime scgles and
cates 40 drought years, Z-index 39 yr and PDSI 47 yr. SPEI-l'mpaCts’_ drougth may be d|V|ded_|nto four cat.egones: me-
and Z-index recorded 100yr drought in 1834, 1842, 1868'teor'ologlcal, agricultural, .hydrologlcal. an.d socio-economic
1947 and 2003 (50 yr drought in 1992). PDSI as an indicator 1€IM: 2002). Meteorological drought is signalled by indica-
of long-term drought disclosed two important drought peri- tors intrinsic to weather data and precedes the onset of spe-
ods: 1863-1874 and 2004-2012. The first period was relateg'f'c impacts, 1.e. additional kinds of drought. Agricultural

to alack of precipitation, the other may be attributed to recen rought may be mgasured n Ferms of a d.uratlon of _vvgeks
temperature increases without significant changes in precipiEO 6-9 months, while hydrological and soclo-economic im-
tation. Droughts from the pre-instrumental and instrumentalP2cts usua!ly became apparen.t after Ionggr t'.me |n.tervals.
period were used to compile a long-term chronology for theMeteoroIogmal drought can easily be identified in the instru-

Czech Lands. The number of years with drought has ﬂuctu_mental period, while drought events in the pre-instrumental

period are usually based on the occurrence of significant

Published by Copernicus Publications on behalf of the European Geosciences Union.



1986 R. Brazdil et al.: Droughts in the Czech Lands, 1090-2012 AD

impacts (e.g. low crop yields, low streams and loss of cur-particular years of outstanding past droughts are described.
rent in rivers, low still-water levels, and/or socio-economic The results obtained are discussed in Sect. 5 and summarised
difficulties). Drought episodes have important consequences the final section.
for agriculture, forestry, water management and other human
activities, as well as for other semi-natural ecosystems.
Droughts in the pre-instrumental period may be studied bys pata
derivation from natural proxies and documentary evidence.
Information about dry periods can be disclosed by analysi 1 pocumentary data
of tree rings wherever their growth relies for the most part

on precipitation patterns (Wilson et al., 2005, 2018nBjen  |nformation about past droughts can be derived from the var-
et al.,, 2010, 2011b; Cooper et al., 2013). Dry-wet patternsous kinds of documentary evidence used as basic data in his-
may also appear upon interpretation of other proxies, such agrical climatology (Pfister, 2001; Bedil et al., 2005, 2010;
speleothems, pollen content, etc. (e.g. Bradley, 1999). Howde Kraker, 2006; Kiss, 2009; Mauelshagen, 2010) and histor-
ever, only tree rings are currently available for the Czechical hydrology (Bazdil et al., 2006a, 2012c). Data sources
Lands. For example, fir tree rings from southern Moraviathat report droughts in the Czech Lands (for all Czech lo-

have been used for reconstruction of March—July precipitacations mentioned in this paper see Fig. 1) are mentioned
tion totals in the period of 1376-1996 AD @dil et al.,  pelow.

2002) and Z-index for May—June in the 1500-2008 period
(Buntgen etal., 2011a). 2.1.1 Annals, chronicles, “books of memory”
Documentary evidence is contained within a variety of his-
torical sources that record, incidentally or otherwise, infor- These narrative sources often focus on extreme events (in-
mation about weather and related phenomenaz@itetal.,  cluding droughts) in terms of their negative impacts on, or
2005, 2010). Weather information of a qualitative nature isconsequences for, human society. The oldest report related
interpreted in the form of temperature and precipitation in-to drought speaks of a dry winter in 1090/1091 AD, in which
dices, usually on a seven-degree scale fref(extremely  neither snow nor rain fell\inich sazavsk in Emler, 1874).
cold/extremely dry) to +3 (extremely warm/extremely wet). Next comes a report dated to 1121, when Bohemia suffered
If a series of indices partly overlaps with the period of in- severe drought from March to May and all the crops sown
strumental measurements, it may be re-calculated to seriegried out Cosmasn Bretholz, 1923). Further examples, with
expressed in terms of degrees Celsius for temperature anghany weather entries including droughts, may be found in
millimetres or percentages for precipitation (Dobroyokt  the chronicle of Pavel M&ovic for the area of Louny, cov-
al., 2009, 2010). ering the years 1490-1631 (S4), and Baelds chronicle
Droughts in the period covered by instrumental observa-for Uhersk Brod describing the 1453-1594 period (Zemek,
tions tend to be expressed as various drought indices calclp004).
lated from a number of meteorological variables. Standard-
ised precipitation index (SPI; McKee et al., 1993), standard-2.1.2 Diaries
ised precipitation evapotranspiration index (SPEI; Vicente-
Serano et al., 2010), Z-index and the Palmer drought sevemore-or-less systematic qualitative daily weather reports
ity index (PDSI; Palmer, 1965) are the most commonly em-covering the 1693-1783 period (with some gaps) come from
ployed (see e.g. van der Schrier et al., 200648l et al.,  diaries kept by the Hradisko Premonstratensian monastery
2009; Trnka et al., 2009; Dai, 2011; Vicente-Serano et al.,and the SvgtKopetek priory, both near Olomouc in Moravia
2011). In general, they cover a period for which instrumen-(Brazdil et al., 2011). Drought is mentioned there for a total
tal records of temperature and precipitation exist in a givenof 17 years. Of primary concern was the most critical pe-
country. riod for agriculture (April-September). For example, as re-
After floods, droughts have been the most severe natuported on 19 September 1750, drought hampered the autumn
ral disasters in the Czech Republic &dil and Kirchner,  sowing and prayers for rain were organised on 23 September.
2007), a fact that lends urgency to drought studies from var-
ious points of view. The aim of the current paper is to in- 2.1.3 Tax documents
vestigate droughts in the Czech Lands for 1090-2012 AD,
combining documentary and instrumental data to develop @&amage to agricultural production related to extreme hydro-
long-term drought chronology. Section 2 describes the doculogical and meteorological events constituted grounds for re-
mentary data and drought indices used. Section 3 addressbsate of taxes, a system well-developed in the Czech Lands for
the methods used in this study. Section 4 discusses the anahe 17th—20th centuries (8zdil et al., 2006b, 2012b). Docu-
ysis of droughts derived from documentary data and coversnents relevant to the application process are preserved at the
drought indices. A chronology of droughts for 512 yr is de- level of local, regional and state administration. For example,
veloped, combining documentary and instrumental data. Fivdax documents in south-eastern Moravia report droughts in
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Fig. 1. Locations and rivers in the Czech Republic mentioned in this paper: 1 -SBemad Ploanici, 2 — Breclav, 3 — Bzenec, 4 — Cheb,
5 —Cesla Lipa, 6 —Cesla Skalice, 7 -Ceslé Budkjovice, 8 — Diice, 9 — D&in-Podmokly, 10 — Dobréka, 11 — Domaice, 12 — Hradec
Kralowe, 13 — Hradisko / Kadsterri Hradisko, 14 — Hranice, 15 -adhymov, 16 — Jihlava, 17 — Kadla18 — Karktejn, 19 — Klatovy, 20 —
Kroméfiz, 21 — Krupka, 22 — Litor&ice, 23 — Louny, 24 — MimB, 25 — Moravslg Beroun, 26 — Olomouc, 27 — Opno, 28 — Plzg, 29 —
Praskolesy, 30 —rov, 31 — Fimétice, 32 — Roudnice nad Labem, 33 s##aov, 34 — Slaf, 35 — Soliilky, 36 — Stad Voda, 37 — Svat
Kopetek, 38 — Sviavka, 39 — Trutnov, 40 —FEHE, 41 — Treba, 42 — Uhersk Hradste, 43 — Uhersk Brod, 44 — Varnsdorf, 45 — Za\a,
46 — Zbraslav, 47 Zelechovice.

1719, 1834, 1856, 1863, 1869, 1889, 1892, and 18%A@r  this year (1719) will be as bad as the previous one (1718)
etal., 2012b). (Lechner, 1896).

2.1.4 Religious data 2.1.6 Printed sources

Prayelrs apd ;upplicatory asgemblies for rain were OftenI‘hea’trum Europaeuma journal on the history of the
organised in times of hardship. For example, fasting andGerman-speaking lands by Madihs Merian, published be-
prayers for rain were obligatory for the inhabitants of Prague '

. S tween 1633 and 1738 in 21 volumes, also provides infor-
on 15 JUIY 150_3$tarevlt-_:‘top|swe_sle m_PaIac&, 1941.)' Ina mation about droughts. In 1666, for example, it notes that
sermon given in Dondice, Daniel Philomates Senior men-

tioned that such droughts and lack of water had not been seed hot summer in Austria, Bohemia and Hungary dried ‘.JUt
meadows and watercourses and people had to travel six or

asin 1616 for more than a century (S1). On 18 June 1782, theeven miles for water, while fires broke out in both forests

bishop of Brno organised a procession to pray for rain, an .
when the drought persisted called a seven-hour prayer vigi?lnd villages Theatrum Europaeunvol. 10).

for all churches on 23 June (&dil and VasSek, 2003).

2.1.7 Epigraphic data
2.1.5 Letters

Hydrological droughts may also be commemorated by what
Letters may be of a personal or an official (administrative) are known as “hunger stones”. One of these is to be found at
character. Petr Uher, an officer at Uherdbrod, wrote an  the left bank of the River Elbe @:in-Podmokly), chiselled
explanatory letter to Commander Albrecht of Waldstein onwith the years of hardship and the initials of authors lost to
3 November 1626 in response to a request that he prepareistory (Fig. 2). The basic inscriptions warn of the conse-
bread for the army. He spoke of low water and difficulties quences of droughtVenn du mich siehst, dann weifi&f
for water mills arising out of a persistent drought, present-you see me, weep."]. It expressed that drought had brought
ing problems in the collection and milling of grain (Hjub  a bad harvest, lack of food, high prices and hunger for poor
1937). The Cardinal Schrattenbach, in a letter from Olomoucpeople. Before 1900, the following droughts are commem-
dated 16 August 1719, mentions great heat, lack of waterprated on the stone: 1417, 1616, 1707, 1746, 1790, 1800,
dried-up grass and a bad harvest, and that he expects thaB11, 1830, 1842, 1868, 1892, and 1893. Similarly, Pfister
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as characteristic of long-term drought, were established by
calculation from these Czech temperature and precipitation
series (Bazdil et al., 2012a).

The SPEI is based on the monthly difference between
precipitation and potential evapotranspiration (PET), thus
representing a simple climatic water balance. The authors
followed the procedure established by Vicente-Serano et
al. (2010) based on the Thornthwaite (1948) method requir-
ing only data on mean monthly temperature. With a value
for PET, the difference between precipitation and PET for
Fig. 2. The “hunger stone” at the left bank of the River Elbe at @ny given month may be calculated, which provides a simple
D&tin-Podmokly (Bazdil and Kotyza, 1995). measure of the water surplus or deficit for the month anal-
ysed. The average value of SPEI is zero and the standard de-
viation is one. An SPEI of zero indicates a value correspond-

et al. (2006) mention low-water marks of the River Rhine oning to 50 % of the cumulative probability of a precipitation

the stone known as “Laufenstein”. and PET difference, according to a log-logistic distribution.
The PDSI (Palmer, 1965) is based on a supply-and-
2.1.8 Other sources demand concept of the water balance equation and thus in-

corporates antecedent precipitation, moisture supply, and de-
A curious derived example of drought may be encounteredmand at the surface as calculated according to the Thornth-
in a story about the priest Prokop Divithe inventor of the = waite (1948) PET method. It applies a two-layer, bucket-type
earthed lightning conductor. On 15 June 1754 he erectednodel for soil moisture computations with three assumptions
his “weather instrument” at his parsonage ifinkétice. In  relating to the soil profile characteristics:
autumn 1759 he was approached by villagers, incited by
Divi§'s opponents, demanding that he remove the appara-
tus because they considered it a reason for the dry sum-
mer that year. Getting no positive response from 8iwin . . . .
19 March 1760 they broke the chains that tethered the instru- ii. the v_vater—holdmg capacity of the undgrlymg layer has a
ment and it was thrown down by a thunderstorm the follow- maximum value dependent on the soil type;
ing night. In summer 1760, with thunderstorms doing great ii
damage in fields and vineyards, the villagers asked him to
erect his “weather instrument” once more. His response was

i. the water-holding capacity of the surface layer is set at
a maximum of 25 mm;

. water transfer into or out of the lower layer only occurs
when the surface layer is full or empty.

not positive (PEnka, 1904). The method of PDSI calculation includes an intermedi-
o ate term known as the Palmer moisture anomaly index or
2.2 Instrumental data and drought indices Z-index, which is a measure of surface moisture anomaly

for a given month without consideration of the antecedent
Brazdil et al. (2012a) calculated mean monthly areal tem-congitions that are intrinsic to PDSI. It is basically moisture
perature and precipitation series for the instrumental pe”Oddeparture, adjusted by a weighting factor known as the “cli-
using homogenised monthly series from 10 secular stationg,atic characteristic”. Compared to PDSI, the Z-index may
for temperature and 14 stations for precipitation. These sepe ysed to track drought events on a monthly basis as it re-
ries were confronted with areal temperature and precipitatiorgpondS relatively quickly to changes in soil moisture and is

means for the Czech Republic in the 19612000 period, forpe to rank the dryness or wetness of individual months.
which the station coverage is at its best. Based on this com-

parison, each of the 10 (temperature) and 14 (precipitation)

series was corrected to establish areal means for the 19613 Methods

2000 period. The median value of corrected station data was

considered as the final mean areal series for the Czech Land€ertain basic methodological allowances must be made in

This series may be partly biased by the number of stationghe interpretation of droughts from documentary evidence. It

available for use. Series for all stations were available onlyfollows from Sect. 2.1 that many documentary sources men-

from 1883 onwards for temperature and from 1876 for pre-tion drought directly. Sometimes this information is comple-

cipitation (see Sect. 5.1.2). mented by impacts that express the severity of this event: bad
Of the various drought indices available, the one-monthyields of crops (mainly cereals, vegetables and fruit), short-

standardised precipitation-evaporation index (SPEI-1) andage of water, low level of water/loss of flow in rivers, water-

the Palmer Z-index, representing short-term or medium-courses drying up, rivers that can be crossed on foot or by

term drought, and the Palmer drought severity index (PDSI)some conveyance, water mills that cannot mill, a dearth of
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meal and bread, a further period without rain, hampered au4 Results

tumn sowing, processions of religious entreaty and prayers

or fasts for rain, and so on. 4.1 Droughts inthe Czech Lands based on documentary
Dating a drought may also present problems (all dates data

in this paper are re-calculated to the Gregorian calendar).

Some reports mention the period without rain directly, indi- 4-1-1  Droughts before 1500 AD

cating meteorological drought. For example, in 1540 Pavel

MikSovic of Louny recorded that there was no rain from Information about dry episodes and droughts before

. 1500 AD is largely confined to Bohemia, reflecting the bet-
26 May to 8 August and a general state of drought contin ter availability of ancient documents in the part of the king-

ued until 14 Qctober (S4). The majority of reports specify dom closest to the capital (Bzdil and Kotyza, 1995). How-
drought duration to the level of a number of months, or sea- . o
L . ever, the eastern part of the Czech Lands, i.e. Moravia, is
sons. For 1630, the tanner master Michélekr mentioned ; . . ; .
. __also mentioned in some cases. An overview with basic de-
a dry summer and autumn when all the brooks and springs . .. . .
; . . Scriptions appears in Table 1. Of the credible reports, only
went dry in Krupka. He considered this drought more severe . T S
. the first speaks of dryness in winter (DJF) while in all other
than those in 1590 (S6). Several sources record drought onl . .
. : e . ases drought occurred in spring (MAM), summer (JJA) or
for a given year without exact specification of the time of that .

o . ) in the whole summer half-year, when the consequences of
year. An example may be found in Michel8ter's summary such events were at their most severe, significantly influenc-
for 1635: “a dry year, little grain and fruit, good wine” (S6). » 519 y

: : ing harvests. The number of droughts (total 36 cases) in indi-
The spatial pattern of droughts interpreted from documen- . . - o

; ) .vidual centuries also reflects the availability of existing doc-
tary evidence is related to the Czech Lands as a whole. This

. o . umentary sources: four cases in the 12th century, five in the
is supported by the fact that individual drought epISOdeS13th century, 14 in the 14th century, and 13 cases in the 15th

are captured by documents from a variety of places and ref:entury
gions scattered throughout the territory of the Czech Lands '
in the majority of cases. Moreover, in some cases particulay 1 » Droughts after 1500 AD
drought events are directly reported for far larger territorial
units, such as Bohemia or Moravia. Such data coverage igigure 3 shows a chronology of droughts in the Czech Lands
important for comparison with droughts in the instrumental during the 1501-1804 period, based on documentary data.
period, in which drought indices are derived for the entire | follows that documentary evidence discloses dry patterns
Czech territory. at all times of the year. A total of 49yr with dry pat-
Our interpretation of dry conditions/droughts was done terns/droughts emerged in the 18th century, followed by the
at a resolution of months. For the purposes of this paperj6th century with 41 yr and the 17th century with 36 yr. The
a drought is considered acceptable in calculations only if ithjghest number of years with droughts, seven per decade, oc-
lasts for two consecutive months. Years that do not fulfil this curred in 1701-1710 (Fig. 4a). Six droughts per decade were
requirement were omitted and not included for further use.recorded in 1511-1520, 1531-1540, 1631-1640, 1721-1730
For example, the year 1725, although it was dry in Februaryand 1781-1790. Only two years with drought occurred in
April and October, was not considered because of none of thg521-1530, 1641-1650, 1661-1670 and 1671-1680. In the
months followed one another. 18th century three dry years were recorded between 1711 and
In order to express the intensity of past droughts as de4720. The longest series of consecutive years with drought
rived from documentary evidence, selected months in a givemyccurred in the 18th century: seven years in 1778-1784, with
dry year are classified by precipitation indices on the sevenfive years in 1704—1708 and 1724-1728 in second place.
degree scale used in historical-climatological studies (see Despite dry months recorded outside the summer half-year
e.g. Pfister, 1999; Glaser, 2008). Dry months are describegapril-September), droughts prevail in this period: 16th cen-
as:—1dry,—2 very dry,—3 extremely dry. tury — 135 months out of 160 (i.e. 84.4%; maximum June
The extremeness of droughts as characterised by SPEI-3,8.1 %); 17th century — 99 of 139 (i.e. 71.2%; maximum
Z-index and PDSI was expressed via calculation of the re{viay 15.1 %); from 1701 to 1804 there were 136 out of 206
turn period for average N-year recurrence intervals< 2, (i.e. 66.0%; maximum August 13.1%). In the winter half-
5, 10, 20, 50 and 100yr) of the corresponding index. First,year (October—-March), droughts were more frequent in Oc-
values of drought indices were modelled with Gaussian nortober (between 9.4 % in the 17th century and 6.9% in the
mal distribution and the suitability of this theoretical distri- 16th Century)_ Decadal frequencies of dry months are shown
bution was tried with goodness—of-fit tests. Then probabilityin F|g 4b. The highest numbers of dry months appeared in
of occurrence £) was estimated from the frequency distri- 1511-1520, 1701-1710 and 1721-1730 (29 months each)
bution of Gaussian distribution. Finally, return period)(  followed by 1531-1540 (26). The lowest numbers of dry
were derived as an inverse of probability estimates, that isjears were recorded for 1521-1530 and 1641—1650 (only six
N=1lp. months each).
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Fig. 3. Dry months/droughts in the Czech Lands interpreted from documentary evidence for the 1501-1804 period, with expression of their
intensity by precipitation indices:1 dry month,—2 very dry month—3 extremely dry month.

As follows from the previous data, a total of 129 yr with 4.2 Droughts in the Czech Lands in the instrumental
dry months/droughts were identified in the 1501-1804 pe- period
riod, giving an average of one drought per 2.4 yr in the Czech
Lands. Of a total of 505 dry mon_ths, 372 (73.7%) OC‘?U”ed_i”Because, for the greater part, dry months/droughts occur
the summer half-year, from April to September (maximum in fom April to September, the drought indices employed also
June and August 13.5% each), and 133 (26.3 %) in the Winspan this summer half-year. This analysis of droughts in the
ter half-year, from October to March (maximum in October czech Lands in the instrumental period is based on SPEI-1,
7.9%). Z-index and PDSI values calculated from homogenised
The intensity of past droughts is described in terms of pre-monthly series of mean areal Czech temperature and pre-
cipitation indices in Fig. 3 and summed for the CorresF’O”d'cipitation series for the 1805-2012 period #Bdil et al.,
ing years in the decade in Fig. 4c (higher negative sum of2012a)_ From SPEI-1, Z-index and PDSI April-September
indices means deeper drought). In general, this follows theseries. values of N-year recurrence intervals=t 2, 5, 10,
decadal distributions of frequency of dry years or dry monthspg 50, 100) were calculated. An overview of such indices at
within them. However, it is remarkable that lower-frequency gz recurrence interval of > 5yr appears in Fig. 5. The 5yr
droughts occurred in 1721-1730 in contrast with the mostetyrn period was based on agro-climatological studies (e.g.
frequent in 1701-1710, which were also the most intensive |avinka et al., 2009; Trnka et al., 2012) showing harvests
Despite the higher number of drought months in 1511-1520gjgnjficantly influenced by drought in approximately 20 % of
their intensity was lower than in 1531-1540. cases over the past 130 yr.
Figure 6 shows the decadal frequencies of droughts ex-
pressed by SPEI-1, Z-index and PDSI for April-September
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Table 1. Dry weather and droughts in the Czech Lands before 1500 ARz@F and Kotyza, 1995): Bo — Bohemia, BP — Bgoe nad
Plowtnici, HK — Hradec Kalove, Ka — Karktejn, Kd — Kada, Mi — Mimon, Mo — Moravia, Pr — Prague f F Trebay, Va — Varnsdorf, Zb —
Zbraslav.

Year Months Place Description
1090/91 DJF Pr, Bo, Mo No rain or snow
1121 MAM Pr, Bo Crops dried out
1128 JJA Pr, Bo No details
1177  JJA Pr, Bo Poor crop
1194  JJA Pr, Bo Poor crop, high prices
1252 MAM Pr, Bo Rainy at the end of spring. Spring crops perished.
1260 JJA Pr, Bo No details
1262 MAM-JJA Pr, Bo Autumn and spring crops perished, grass dried up, poor harvest of fruit and wine
1266 JJA Pr, Bo Poor harvest of cereals, fruit and wine
1283 MAM Pr, Bo No details
1307 MAM-JJA Zb, Bo, Mo Poor harvest, famine
1312 JJA Zb, Bo, Mo Poor harvest, high prices, famine
1315 before 2 Aug Zb, Bo Poor harvest
1326 JJA Zb, Bo Complete loss of spring crops
1328 before 13 Aug south Mo No details
1333 JJA (after 22 May) Zb, Bo Poor harvest of summer cereals, yield of wine low
1334 JJA Zb, Bo No details
1337  until Jul Zb, Bo Poor harvest of cereals and wine, high prices
1348 JJA Pr, Bo Land dried out, poor cereal crop
1352 after 8 May Pr, Bo Poor harvest of cereals and other crops
1368 from April Pr, Bo Bad harvest of spring crops
1369 (JAS?) Bo Better wine in Bohemia than in Austria due to severe drought
1371 before 18 May Pr, Bo Frequent fires
1393 JJA Pr, central Bo Possible to cross the River Vitava on its bed, water “as green as grass”
1423 JIA Pr, BP, Bo No details
1425 JJA Pr, Bo No details
1432 2 May-27 Jul Ka, Bo Rained only once, lightly, during this period
1441 2 Apr-2 Aug Ka, Bo Bad harvests of hay, cereals and peas
1442 JIA Pr, Bo, HK Poor harvest of cereals and hay, severe shortage of water
1461 JIA Mi, Va No details
1469 May-Sep Kd Erroneously dated to 1468
1471 JJA Mi, Va Rivers dried up
1473  JJA Pr, HK, Ka, BP, Bo  Streams dried up. Forest fires. Poor harvest of cereals and other crops.
1476 MAM T, south Bo Shortage of water
1480 JJA Bo No details
1482  JJA Pr Water of the River Vlitava green and stinking. Shortages.

atarecurrence interval ® > 5yr during the 1805-2012 pe- more likely than in the 19th century and 2.8 times more likely
riod. Comparison of frequencies of SPEI-1 and Z-index re-than during the 20th century.

vealed only very small differences between them. The high- At least one drought with PDSA PDSE per decade was
est number ofN > 5yr droughts occurred in 2001-2012 recorded in the periods 1805-1880, 1931-1960 and 1971—
(seven), followed by 1991-2000 and 1861-1870 (five each)2012. Seven droughts in the 2001-2010 decade (D&

No such case for either index was recorded in 1881-189Q@009 and PDSbo for 2007) were followed by six cases
and 1951-1960 (for Z-index in 1871-1880 and 1931-1940 asn 1861-1870 (PDSsb for 1866) and five in 1991-2000
well). The years in which centennial droughts were achievedFig. 6). These three decades cover a total of 38.3 % of the
for both indices were 1834, 1842, 1868, 1947 and 2003. A47 droughts identified. On the other hand, no droughts oc-
50yr drought was recorded in 1992. SPEI-1 and Z-indexcurred in 1881-1930 and 1961-1970. Twenty-one droughts
both show similar distribution over particular centuries: 19th (44.7 %) were recorded in the 19th century, 17 (36.2 %) in
century — 45.0 and 48.7 %; 20th century — 37.5 and 38.5 %the 20th century and nine (19.1 %) afterwards. Two drought
(2001-2012 — 17.5 and 12.8 %). Based on Z-index, droughsequences stand out in particular: 1863—1874 (interrupted in
events in the early 21st century are approximately 2.1 timesl867; in 1868, PDS), and 2004—2012. While the first case
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1500 AD were not used in the compilation of this chronol-
ogy; the patchy nature of available documentary sources ren-
ders them too incomplete. The series compiled shows quite
consistent patterns throughout the period. Comparable num-
bers of years with drought are typical of the 18th—20th cen-
turies: 49, 47, and 47. Only 36 cases were recorded in the

Frequency
O =N WhHh OO N

i8G9 ABdfe  iBR4=  ABDiw  d8B0  A70d=  d7Al= 4784 17th century (16th century — 41). If matters are addressed

1510 15500 1590 1630: 1670 A0 440 1790 in 50yr periods, the highest number of years with drought

2(5) b is established for 1951-2000 (26), followed by 1751-1800
2 (25), 1701-1750 and 1801-1850 (24 each), 1851-1900 (23)
g 20 and 1501-1550 (22). The lowest numbers were recorded in
g 1 1651-1700 (16) and 1551-1600 (19). At the decadal level,
s the driest patterns occurred in 1801-1810 with eight years (of
0 which three were derived from documentary data). Seven dry
1501- 1541 1581-  1621-  1661-  1701-  1741- 1781 years per decade occurred in 1701-1710, 1861-1870, 1941—

1510 1550 1590 1630 1670 1710 1750 1790

1950, 1991-2000 and 2001-2010. Only two droughts per
decade were derived for 1521-1530, 1641-1650, 1661-1670
and 1671-1680. Four drought years per decade occurred 17

.jg_ 30 times, the most often. The longest continuous drought pe-
fo? 40 riods lasted for seven years in 1778-1784, 1988-1994 and
5 501 2003-2009.
60 +—+—T—T" T T T T T T T T T T T 7T
S vt S A ot S A U S A L 4.4 Selected outstanding drought events in the Czech

Lands in the pre-instrumental period
Fig. 4. Decadal frequencies of droughts in the Czech Lands in
the 15011804 perioda) years with drought(b) dry months in  Fiye cases of outstanding droughts in the pre-instrumental
drought years(c) drought intensity. period appear here to demonstrate description based on doc-
umentary evidence. While the droughts in 1540, 1590 and
1616 are documented prevailingly by sources from Bohemia,
reflects mainly a lack of precipitation in a cooler climate, the 1718 and 1719 were selected as two consecutive very dry
second may be attributed in greater part to increasing tempefzears with most of their documentary data from Moravia.
atures, mainly in JJA, also in MAM (Bedil et al., 2012a).
4.4.1 The year 1540
4.3 Long-term chronology of droughts in the Czech
Lands Summer 1540 was hot and dry. Water was short and forest
fires broke out (S2; S4; Diikl, 1858; d’Elvert, 1861; Palme,
The compilation of a long-term Czech drought chronology is 1913; Kohr, 1987). A dry period is mentioned for the sur-
complicated by the two different sources from which droughtroundings of the town of Jihlava, lasting from 6 April un-
data are derived. Documentary evidence facilitates disclosurél the end of the year and resulting in a bad yield of both
of the frequency of droughts, with identification of corre- green vegetables and root crops (d’Elvert, 1861). A very dry
sponding months and the dry patterns that prevail from Apriland warm period, with an acute shortage of grain and veg-
to September. From the character of these data it followstables, is noted for around UheysRrod around the same
that they have to be compared with instrumental data for theime (Zemek, 2004). Pavel Miovic (S4) notes a hot and
same months. Moreover, droughts derived from documendry period for Louny, 26 May-13 October, with rain only
tary data express quite short-term or medium-term droughtspn 8 August and warm weather lasting until the very end of
favouring indices such as SPEI-1 and Z-index over PDSI the year. Pankraz Engelhart (Gradl, 1884), speaking of Cheb,
an indicator of long-term drought. Examples may be cited:records a dry year, with sowing and field-work extended right
a PDSkp in 1835 reflected drought from the previous year to the end of the year. Andreas Baier (Gradl, 1884) mentions
1834 (SPEI-1g0, Z-index o), While PDShgg in 2007 and  a dry summer there, and warm weather until the end of the
PDSkg in 2009 were the cumulative effects of droughts in year. In the 1450-1622 period, warm and dry weather led
the 2000s. This is why droughts in the 1805-2012 periodto the earliest start to harvest recorded in the Louny region,
were selected primarily on a basis of concurrent occurrenceand mention is made of early starts and ends to harvesting
of SPEI-1 and Z-index aV > 2 yr. barley, oats and peas @dil and Kotyza, 2000). Reports
Figure 7 shows the decadal frequency of droughts in thealso speak of a poor or medium harvest of grain (S2; Gradl,
Czech Lands during the 1501-2012 period. Droughts before 884; Kokr, 1987). The year of 1540 was exceptionally hot
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Drought indices | 1805 1811 1821 1831 1841 1851 1861 1871 1881 1891 1901
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Z-index
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Fig. 5. Droughts expressed by SPEI-1, Z-index and PDSI for April-September with their recurrence inter&yr in the Czech Lands
during the 1805-2012 period.

10 p— 10 June and 21 September in Litdiice — S5; 17 June—6 Au-
gust in Dobrgka —Slla, 1967). They also record streams
drying up, mills idle, low water level in the Rivers Vltava,
Elbe and the Offe, green water (algae proliferating in low
H ﬁ 1 H . q flow conditions) and poor harvests (S3; S4; Dv§rsko72).
= e — = Marek Bydzovsk/ of Florentinum (Kohr, 1987) in Prague
1805- 1821- 1841- 1861- 1881- 1901- 1921- 1941- 1961- 1981- 2001- . . . .
1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 2012 notes fruit yields and the harvest in general were poor, while
10 Zindon the chronicler for Trutnov records poor yields of vegetables
and fruit (Schlesinger, 1881). The chronicler for Datka

Frequency

speaks of a poor harvest for summer products but an abun-

dance of winter cropséﬁla, 1967). A poor harvest resulted
H ﬂﬂ H H H H in severe shortages (S4; Gradl, 1884; Peters, 1898; Indra
- - HELEL L o~ and Turek, 1946) and grain had to be imported from Silesia
1805-  1821- 1841- 1861- 1881- 1901- 1921- 1941- 1961- 1981- 2001- ’
1610 1830 71850 dB70 1800 @10 1930 1s50 1970 890 202 to Trutnov and its surroundings (Schlesinger, 1881). How-
PDSI ever, perhaps some consolation lay in a good yield of ex-
* cellent wine (S5; Ondij, 1977). Further sources, incidental
® to records of an earthquake on 15 September, speak of heat,
1 drought and brooks drying up before it occurred (Strnadel,
EH nl B H H H B m H 1950; Kokr, 1987). At Cheb it became impossible to mill
1805 1821. 1841. 1BG. 1881 1801. 19Z1- 1941, 1961 1981. Z001- grain due to the low level of water from summer onwards,
1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 2012 although the |OWESt Water on the R'Ver \I@mﬁer the fol_

Heo b B Ems R lowing dry autumn was recorded as late as 20 December
Fig. 6. Decadal frequencies of droughts expressed by SPEI-1(Gradl, 1884). The soil dried out to dust in autumn, which
Z-index and PDSI for April-September in order of their N-year re- made sowing difficult (S5). Autumn rain is mentioned for
currence interval ¥ =5, 10, 20, 50, 100) for the Czech Lands in only 28-29 October (S5; Peters, 1898). Varnsdorf had no
the 1805-2012 period. rain for 38 weeks; the grass withered in the intense heat and

there were losses of fish and game (Palme, 1913). Hans Kri-
esche, speaking deska Lipa, mentions that the year was

in Europe, comparable with the outstanding event of summeentirely dry, with no rain all summer and winter; milling be-
2003 (Wetter and Pfister, 2013); it was also extremely dry oncame impossible and severe shortages followed (S3). A very

the broader European scale (Wetter et al., 2013). hot and dry summer was also reported in Austria (Klemm,
1983; Lauscher, 1985), Germany (Glaser, 2008), Silesia and
4.4.2 The year 1590 Poland (Rojecki et al., 1965) or Switzerland (Pfister, 1999).

Summer 1590 was hot and dry. Thus, “great drought” is4.4.3 The year 1616

reported for Olomouc around 25 July, when mills had in-

sufficient water to function (Du#, 1858). Heat, drought, a Hay-making and the harvests of barley, rye, oats and wheat
dry summer and frequent fires appear in reports fomsle started very early in the Louny region. The end of the harvest
Budéjovice (Mar&, 1922), dchymov (Wolkan, 1890) and was even earlier than that of the 1517-1622 perioéZBil
Plzeh (Strnad, 1883). Simon iidtel of Trutnov speaks of a and Kotyza, 2000). This was due to extraordinary drought,
hot, dry summer, and mentions that there had been no rain fostarting as early as April (S4; Palme, 1913) and continuing
a long time (Schlesinger, 1881). Further sources also speciffhroughout the summer (S3; Feifalik, 1859; Wolkan, 1890;
the length of the period without rain (3 June—10 September irRichter, 1940; Indra and Turek, 1946). Daniel Basilius of
Slary — Peters, 1898; raining only two or three times betweenDeutschenperk mentions great heat, dried-up rivers and the
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Documentary data Instrumental data

Frequency
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Fig. 7. Decadal frequencies of droughts in the Czech Lands in the 1501-2012 period compiled from documentary data (1501-1804) and the
instrumental record (1805-2012).

River Vitava in Prague “stinking” (Winter, 1899). Daniel 4.4.5 The year 1719

Philomates Senior, in a sermon at Ddtliee, referred to the

“drought of the century” (S1). The exceptionally dry year of A report from Roudnice nad Labem indicates that people
1616 is also recorded with a mark on a “hunger stone” on thewvere forced by the hardship of drought to pick the spring
River Elbe (Fig. 2). Pavel Miovic (S4) mentions an aver- grain by hand (S7). Jan Josgfzek from Op@no reported
age harvest of winter grain in Louny, although spring cerealsthat 1719 was even worse than 1718 — mills could not mill
and other earlier field crops withered. Very dry weather driedfor many weeks, the harvest was very bad and there was a
out the grass and the aftermath was not mown at all. Switzerlack of fodder Cizek, s.a.). At Moravsk Beroun, due to
land had much the same kind of weather (Pfister, 1999), agreat heat and drought, one had to go six miles or more to get

did Germany (Glaser, 2008). milling done. There was no grain or flax, pastures dried out
and the cabbages were eaten by caterpillars (Berger, 1901).
4.4.4 Theyear1718 A letter of 16 August from Olomouc mentions great heat,

. lack of water, dried-up grass and a bad harvest (Lechner,
Eight weeks without rain was noted iGesk Skalice  1896). In Uhersk Hradit on 28-30 August people took
(Schreiber, 1909). A report from Klatovy mentions severeto the streets in procession to beseech God for rain because
drought, in which some fish cultivation ponds dried out and of great drought and lack of water in mills g, 1920). In
the fry perished (Peters, 1946; the same for 1719). DroughBzenec, the water reservoir dried up (€ek, 1903). In Hran-
led to a lack of water in Opmo (Cizek, s.a.). In Uhersk jce it was possible to cross the Riverda on its bed (Indra,
Hradst, severe drought before 24 June marred the growth929-1930). At Praskolesy, due to drought from 4 June on-
of spring grain and also dried it out @&r, 1920). A record  wards, there was a bad harvest of grain and flax (Tiray, 1907).
from Kl&sStern Hradisko Monastery dated 11 June speaks of Further great drought, desiccated grain and a bad harvest are
“great drought” (Bazdil et al., 2011). The summer was dry mentioned from Svévka, severe drought forf@hic, severe
in Rymarov and one had to go 5-6 miles to get milling done drought and little water for mills at Zmwa, severe drought
(Tutsch, 1914). The River Dyje dried out aroundeBlav  and shortages fofelechovice (Bazdil and Kirchner, 2007).
(DOSﬁl et al., 1968) Severe drought and financial hard- Dry and warm patterns in 1718 and 1719 in the Czech
ship are described in a letter of 10 September from Olo-Lands are confirmed by data from Switzerland (Pfister,
mouc (Lechner, 1896). A source from MoraysBeroun de-  1999), Austria (Stmmer, 2003) and Germany (Glaser,
scribes drought, small quantities of grain and subsequeng0g).
shortages, with the River Bea drying up near erov and
mills at a standstill around Kro&iz (Berger, 1901). Un-
usual drought is recorded at Bzenec (&k, 1903). The Pi- 5 Discussion
arist diary from Staa Voda mentions the year 1718 as mem- )
orable for drought, with only five hard rains after spring and >-1 ~ Chronology of droughts in the Czech Lands and
the ground cracked (S8). Severe drought, desiccated grain, ~ aSsociated uncertainties
bad harvest, shortages and a lack of water for mills are men-

o by Sources or Stk Sy, e, o ard |1 °<U1% COANeE o s paper are parly e by o
Zelechovice (Bazdil and Kirchner, 2007). y

spatial variability of precipitation.
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5.1.1 Uncertainty in documentary data 87

The density and availability of documentary sources bear in € 1 d
very important fashion upon the detection of droughts and ¢ ¢}
all analyses that arise out of historical sources. Limitations 5 |
follow from the number of records preserved and excerpted, I ]
their territorial distribution, and other intrinsic factors. Vari- o mm iem v e
ations in economic, social and political circumstances are re-

flected in significant fluctuations in the density of records, Fi9- 8- Number of stations used for calculation of the mean Czech
i.e. some periods are rich in data while others are poorer, oP¢'1€s in 1805-190Qa) temperature(b) precipitation.

records are simply absent. This means that the number of

years with dry months/droughts in individual centuries may

express availability of documentary evidence rather than reaivhole series. High spatial correlations present no problems
past situations. For example, while the highest density of in-for temperature, but the great spatial variability typical of
formation relates to the 18th century, the 17th century is charprecipitation may be an important source of uncertainty. This
acterised by a lower number of available sources. The Czeckffect will be more pronounced in SPEI-1 and Z-index than
Lands were devastated in the wake of the Thirty Years’ Warin PDSI. Although the stations used do not vary a great deal
(1618-1648) and in the four decades of 1641 to 1680 onlyin altitude (from 191 m at Prague-Klementinum to 486 m in
nine years with drought were documented. D&Cice), the distances between some of them may be more

A further problem for the interpretation of drought arises than 200 km. Figure 8 shows changes in the number of sta-
out of the great spatial variability of the documentary data,tions used for calculation of the mean Czech temperature and
which then has to be generalised for the entire Czech Landgurecipitation series. Only two stations (Prague-Klementinum
For example, in the 16th century, the number of sources fronnd Brno) were used for calculations up to 1818 for temper-
Bohemia (mainly its north-western part) is much higher thanature and to 1828 for precipitation. The greater increase in
that from Moravia. Care has also to be taken in the inter-the number of stations was achieved as late as in the 1860s—
pretation of the duration of a given drought, often attributed 1870s.
in documentary sources to just a season of the year (e.g. to
MAM or JJA) or to the year as a whole. Statements of the5.1.3 Uncertainty in the territorially limited extension
“dry summer, dry spring” type do not necessarily mean that of synoptic situations
all the months concerned were truly dry.

In this study, the distribution of dry months through the Precipitation totals in the Czech Lands are dependent on
year is partly influenced by the availability of documentary the territorial extent of important pressure systems (position
sources. From the 16th to the 18th century, there is a conef lows, highs, troughs and ridges) and phenomena at sub-
siderable decline in the relative number of dry months fromsynoptic and synoptic scales (frontal systems, convection,
April to September with respect to the total number of dry etc.). The relatively small distances between certain places
months. This may be related to the fact that, in addition tocan also play a significant role. The situation in the Czech
standard narrative sources that concentrate largely upon thRepublic in 2012 may serve as an example: severe drought
weather during the vegetation period, other descriptions oin the eastern part (Moravia and Silesia) and in the western
the weather, taking in the whole year (e.g. weather diaries)part of Bohemia and above-mean precipitation in Bohemia,
started to appear in growing numbers for later times. Theyparticularly the southern part, and also in southern Moravia
then come to be used in greater measure for interpretation(Fig. 9a). This spatial distribution reflects summer precipi-
By the 18th century, this trend is already becoming reflectedation totals in particular, which were notably higher in the
in a relative increase of the number of dry months in the totalwetter regions. However, calculation of areal means for the
disclosed between October and March and a relative decreasehole Czech Republic smoothes quite significant differences

Number of st

o N N O ®

1855 1865 1875 1885

in those between April and September. between its various parts (SPH;Z-index, PDSby).
This uncertainty also has quite important consequences
5.1.2 Uncertainty in drought indices for the evaluation of droughts from documentary data where

the available sources come from various parts of the Czech
The mean areal temperature and precipitation series for theands that may be wetter or drier in the corresponding year.
Czech Lands are calculated from the full number of stationsTogether with the spatial variability mentioned, this can in-
used from 1876 (precipitation) and 1883 (temperature) onfluence interpretation of the precipitation character of indi-
wards. This means that SPEI-1, Z-index and PDSI seriewvidual months, as mentioned in Sect. 5.1.1.
calculated from the complete set of stations run from only In order better to demonstrate spatial precipitation vari-
1883 to 2012. Deeper into the past, the number of stationsbility in the Czech Republic, coefficients of variation in
decreases, with concomitant increase of uncertainty for thdnomogenised series of April-September precipitation totals
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tion from the impacts recorded (on agricultural and forestry
produce, the flow of waterways, water levels etc.). This mis-
match in drought definitions between both main periods ren-
ders it likely that an event of a given objective intensity would
. " not be represented in the same manner were it to occur in
‘ both periods. Further, the sensitivity of the landscape (ex-
pressed as, for example, crop yields) to droughts, as well as
society itself, has changed over past centuries (e.g. Trnka et
al., 2012). Thus, even if a drought study could be based on
observed impacts it would be difficult to compare drought
events of the same intensity over the centuries. On the other
 Preciiaton (%) hand, the availability of high-quality instrumental data may
T R — provide a degree of “over-focus”, enabling the depiction of
drought episodes that had little or no significant impact, lead-
ing to over-reporting of drought in the instrumental period.
This was one of the reasons for the decision to use N-year
recurrence rather than absolute values of drought index to
define a drought period for the purposes of this paper.
However, it is the view of the authors that, even in the light
of the limitations above, the importance of drought as a phe-
nomenon justifies compiling this drought chronology of the
Czech Lands for 1501-2012 AD. While using documentary
evidence to represent drought in the earlier period and instru-
mental records in later times was dictated by data availability,

Coefiient o Vriation (4 it still makes good sense. It can be argued that society prior
o o ok e o A to the 19th century was more vulnerable to drought; general

productivity was much lower and considerable dependence
on water power made all activity associated with agriculture
) very sensitive drought indicator. With the burgeoning of
industrialisation from the early 19th century onwards, the
sensitivity of agriculture and society to drought inevitably
changed and instrumental records provide more objective in-
formation about drought. Nonetheless, this chronology has

for 787 rain-gauge stations in the 1961-2010 period werd© be taken as a first attempt at establishing a long-term fre-
calculated (Fig. 9b). These fluctuate between 16.9 % &\ov duency for droughts in the Czech Lands, providing some idea
Pec station) and 31.9 %5ance). The highest variability is ©f @ longer perspective upon these phenomena.

typical of the central parts of Bohemia extending up to the The way forward towards the compilation of a more com-
north-west border with Germany, and for a part of southernPlete chronology lies in creating a period in which droughts
Moravia stretching further to the north and north-east. Whilederived from documentary data overlap with those estab-
the areas of highest variability in Bohemia tend to be limited lished by instrumental measurement in form of drought in-
to lower positions, they appear mainly in more mountainousdices. While Czech temperature indices extend to 1854 and
locations in the eastern part of the Czech Republic. The genbave been used for the compilation of a central European
erally spotty character of the field may be attributed to thetemperature series (Dobrovglet al., 2010), the next focus

spatially variable character of convective precipitation in thehas to be upon creation of precipitation indices from docu-
summer half-year. mentary data. Another promising approach might be found

in the quantitative interpretation of the Czech precipitation
5.1.4 Uncertainty in the drought chronology compiled  index series from 1501 and its use for calculation of drought
for the Czech Lands indices into the past.

Fig. 9. (a) April-September precipitation totals in the Czech Re-
public in 2012 expressed as percentages of the 1961-1990 mea
show contrasts in totals between the various pgisyvariability

of April-September precipitation totals in the Czech Republic in
19612010 expressed by coefficients of variation.

Merging drought events from both documentary records anc.2 Droughts in the Czech Lands in comparison with
instrumental data into one continuous record is obviously tree-ring reconstructions from southern Moravia

not without risk. As mentioned in Sect. 1, identification

of meteorological drought is confined almost exclusively The chronology of droughts in the Czech Lands com-
to the instrumental period while drought events in the pre-piled from documentary evidence may be partly veri-
instrumental period must more often be defined by deducfied by comparison with two existing reconstructions of
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The quantity and quality of documentary data permit direct
comparison at the level of decadal values for a period from
the start of the 16th century to the end of the 18th century. Be-
cause drought frequencies from documentary data are avail-
able at monthly resolution, a comparison was made of the

@ ]

% o teat- | 1581 fezi- | A6l 170r  1ran- | 178 numbers of dry months (May—June) with mean Z-index val-

S S0 TR0 e a0 a0 e Arse e ues for the same months in individual decades. This compar-

§r’ 204b ison does not indicate any common signal. The overall cor-

£ 10] relation between numbers of dry months and reconstructed
001 Z-index is not significant{= 0.25) and neither series corre-

sponds in terms of occurrence of the most extreme decades.
2ol 8 While the documentary data indicated that the driest decade
0l gst - qst @ Ml Okl 7L was 1531-1540, TRW-based Z-index led to the years 1601—
1610. Certain common features were found when frequency
Fig. 10. Decadal frequencies of dry months in the Czech Landsof dry months (MAMJJ) was compared with mean recon-
(MAMJJ) (a) and decadal means of MAMJJ precipitation totals re- structed precipitation totals over the same season for individ-
constructed _from TRW in southern Moravig @dil et al., 2002) 131 decades (Fig. 10). The two data sets were transformed
(b)ll BOthfse”e_S are eXpreslser? as Zta”d?rd'sedd"]f’"”es (z-scores) apfl ;_scores for better comparison. In this case, the correla-
:/;tizis(p?og;ﬁ/z%;ﬁlgg it‘?fo?h ;:’:phzir;]gx%t;e g:yessr'% d'g)t.erpretion between the two chairacteristics of dryness is significant
(r = —0.39) and evaluation of dryness from two different
sources agrees at least partly for most of the decades. Among
drought/precipitation worked up for southern Moravia from the most extremely dry decades to appear are those of 1531~
tree-ring widths (TRW). Such a comparison has been madé->40 and 1681-1690 in both data sets. These two charac-
for March-July precipitation totals reconstructed from fir teristics show no long-term trend in drought occurrence but
TRW (Brazdil et al., 2002) and for May—June Z-index values rather a high mier-dgcadai variability. A tendency towards
derived from the same type of proxy recordsitBgen etal., More dry conditions is typical of both datasets aroun_d the
2011a). Any direct comparison is complicated by the fact that€"d Of the 18th century. A lower occurrence of droughtin the
indices derived from documentary evidence characterise freMid-17th century according to documentary sources is prob-
quency of events relatively well but assessment of the inten@P!Y related to a smaller quantity of sources (see Sect. 5.1.1).
sity of droughts may be partly biased by the somewhat sub- Similarly, the reconstructed MJ Z-index and MAMJJ
jective process of interpreting historical reports. Construc-Precipitation totals may be compared to drought intensity
tion of indices on a seven-degree scale (see Sect. 1) affect§9- 4c) derived from documentary sources for the same
records of the true variability (and also intensity) of precip- S€8sons. However, comparison with proxy reconstructions
itation/drought events. In contrast, tree-ring reconstructionsShoWs no significant share of common variability (corre-
refer directly to intensity of drought, either through Z-index 'ation coefficients reach only 0.12 and 0.34 for MJ and
values or precipitation totals. A further factor that may ham- MAMJJ, respectively).
per direct comparison is spatial bias, since series from docu- ) _
mentary data relate to the whole territory of the Czech Lands>-3  Droughts in the Czech Lands in the central
whereas TRW reconstructions to date reflect conditions only ~ EUropean context
in southern Moravia, one of the driest regions in the Czech ] o
Republic. For comparison and for verification of drought occurrence
When decadal frequencies of droughts compiled from doc-2nalysis in the Czech Lands on a central European scale,
umentary data (1501-1804) and instrumental record (18052 much higher number of proxy re_constructions of various
2012) in the Czech Lands (Fig. 7) are compared with TRW-Kinds may be used. These are available at an annual resolu-

based MJ and MAMJJ reconstructions, no coherency idion; however, any comparison suffers from inconsistencies
found. Overall correlations are low and non-significant corre-a1ising out of different proxy data and drought characteris-

lations give only 0.22 for MJ Z-index and0.17 for MAMJJ tics, seasonal emphasis, and various degrees of spatial extent.
precipitation. One of the reasons may be that the chronol- Tiie f_irst compa_rison was made with series of precipitation
ogy presented in Fig. 7 summarises annual values, not onl{f’) indices compiled from documentary data for Germany
the seasons above. Moreover, the instrumental part of th&Glaser, 2008) and Switzerland (Pfister, 1999) because their
chronology was used in part for the reconstructions and igorecipitation/drought characteristics are the most similar to
not fully independent. These are the main reasons for furthe data used in this study for the pre-instrumental period.

ther comparison between only the documentary parts of th&>6cadal frequencies of droughts in the Czech Lands (Fig. 7)
Czech drought chronology. correlate significantly with JJA Germa® indices ¢ =

—0.43) but correlations to annual indices are not significant.

-1.0 q
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There are no common features between Czech drought freerritory of the Czech Lands was employedurigen et
quencies and Swis® indices. This result is understand- al. (2011b) used living and historical fir trees to study hy-
able and consistent with our knowledge of the precipita-droclimatic springtime extremes and TRW from their “east-
tion/drought regime in the central European region from theern” regional subset, covering Germany and Czech Lands,
instrumental period (seeilBtgen et al., 2011a). The terri- and they correlate significantly with frequencies of Czech
tories of Germany and the Czech Lands are adjacent androughts £ = —0.36) at decadal resolution over the common
comprise a far more homogeneous region in terms of cir-1500s—-1970s period. Comparable results were also disclosed
culation characteristics and precipitation regime than morefor drought intensities (Fig. 4c) and the TRW reconstruction

distant Switzerland. in the common period 1501-1804. Overall significant corre-
German and SwisB index series (along with a number of lation reaches-0.38 (p = 0.05).
natural proxies) were used in a gridded (8.8.5 deg.) mul- In similar fashion, Czech drought frequency chronol-

tiproxy precipitation reconstruction for Europe by Pauling et ogy correlates significantly with self-calibrated PDSI recon-
al. (2006). A subset of this reconstruction covering centralstructed from pine trees in the Slovak Tatra Mtslii@jen et
Europe (48N/12° E-52N/18 E) was compared with the al., 2010) over the common period 1730s—1990s. A relatively
Czech drought chronology in the common 1501-2000 pe-high negative correlation-(= —0.47) may be partly related
riod at a decadal resolution (Fig. 11). A relatively high and to the higher persistence of PDSI values, since this index bet-
statistically significant correlation was found for JJA values ter characterises long-term drought events (see Sect. 4.3).

(r = —0.58), implying that the two series share a common The results of this paper, mainly concerned with the April—
variance of about 34 %. September period, may be complemented by the study by
Despite very high inter-decadal variability in both series, Pauling and Paeth (2007) for winter (DJF) patterns. Dry win-
numerous common features can be found not only for indi-ters for central and eastern Europe were found more fre-
vidual decades but also for long-term tendencies (Fig. 11)quently during the 18th century and the second part of the
Less frequent droughts were especially typical of the second.9th century than for the 1951-2000 period. On the other
half of the 16th century and for the 17th century. Conversely,hand, wet winters have been less frequent in the past three
more frequent droughts occurred in the first part of the 16thcenturies compared to 1951-2000, with the exception of the

century, the end of the 18th century and both series also inearly 18th century in central Europe.
dicate more droughts during the 20th century. The subset of
European precipitation reconstruction (Pauling et al., 2006)
can also be used for verification of drought intensity in the6 Conclusions
Czech Lands. The comparison was made for all JJA sea-
sons with relevant information in historical sources (seasonshis paper presents an analysis of droughts in the Czech
with missing values were excluded). Altogether, drought in- Lands in the AD 1090-2012 period and a unique drought
tensities from 216 summer seasons in the period 1501-180dhronology based on documentary and instrumental data
correlate significantly with central European precipitation to- (SPEI-1, Z-index, PDSI). The study of droughts over such
tals, sharing almost 40 % of common variability. Moreover, a long period casts light upon the long-term behaviour of
these results appear temporally stable; significant correladroughts with respect to their frequency, severity, season-
tions were also found in data from individual centuries. Be- ality and impacts, as well as significantly extending knowl-
cause here comparisons are made between precipitation tedge of Czech droughts, analysed previously for 1881-2006
tals and drought intensity expressed on only an ordinal scalg(Brazdil et al., 2009). The current paper does not include dy-
the results were checked with non-parametric Spearman comamic aspects of Czech droughts. Such an analysis for the
relations. These correlations remain significant for individual entire period covered in this study would be very difficult.
centuries and, interestingly, the highest Spearman correlatioMoreover, Bazdil et al. (2009) discuss the synoptic clima-
rs is for the 16th centuryrg=0.74,n = 66). Values for the  tology of droughts based on changes in the occurrence of
remaining periods are: 17th centurg,=0.64,n = 66; 18th  daily weather types according the Czech Hydrometeorologi-
centuryys = 0.38,n = 88. From this analysis it may be con- cal Institute classification (Katalog, 1967, 1972) and princi-
cluded that, at the very least, the quality and interpretativepal component analysis of sea-level pressure in the Atlantic-
value of the documentary sources used in the compilation oEuropean area for extreme and severe droughts in 1881—
Czech drought chronology from 1500 AD are stable and do2006.
not change significantly. Despite great variability since 1501 AD, the onset of
The compiled chronology of Czech drought events may bedroughts from the 1990s is especially noteworthy. While the
further verified by means of existing dendro-climatological severe droughts of the 19th century, in a relatively cooler cli-
precipitation/drought reconstructions. Such reconstructionsgnate, were caused by lack of precipitation, the last onset of
refer largely to the late-spring or early-summer moisturedroughts in the Czech Lands can be more clearly attributed
regime and cover various parts of central Europe. Onlyto significantly increasing temperatures than to any important
the tree-ring data that is spatially more coherent with thedecrease in precipitation totals (Trnka et al., 201 B8l et
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Fig. 11. Decadal frequencies of dry months in the Czech Lands derived from documentary sources and instrumenjehnthidecadal

means of reconstructed JJA precipitation totals in central Europe (Pauling et al. {Bpid&he period 1501-2000. Both series are expressed
as standardised values (z-scores) and values of precipitation totals have been inverted for easier interpretation — more positive values sho\
more dry periods; black lines represent running means for the five terms.
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likém suchu zdreri destt a odtud Asleduijcim nedostatku vody,
jakeha suchazadry z lidi nyréSich, ode sta let i ySeji, staych
nepamatuje. Ezar ucinéré v kostele domzelitskem (sic!).
Nyni pak kwili pobaznych kfedanli k probuzen lidu BoZiho,
k horlivému polari a modlitchm svagm vilibec vydag. Odemne
(sic!) knéze Daniele stdtho Philomatesa, shebrika Slova Rré
v Domazelicich (sic!), NotariusaRadu krézstva FRrg evan-
gelitskeho v podkraji (sic!) Holomoudm. Vytisteno v Holo-
moud (sic!) u Jiika Handle. leta Farg 1616.

(S2) Regioalni muzeum Liton&ice, inv. €. SV H 14142: Daniel

Adam z Veleslaina, Kalendr Historicky. To jest katké pozna-
merari vSech dnuov jednoho kdého nédce es cey rok. K
nim pfidany jsou rektee panéti hodré Historiae o rozfinych
prihodach a prorérach, jak raroduov jirych a zennv Svete, tak
také a obzvéstré narodu i Kialovsti Ceslého z hodnogrnych
Kronik. S pilnosti selaino, vytsteno a vyéno praca nakladem
M. Daniele Adama z Velesldna. Vytlateno v Staem Mésg
Prazskem. Leta posledho veku: MDXC (1590).

(S3) SOkACeslka Lipa, Shrka rukopigl, kartong. 3: Meisters Hans

Kriesches Chronik der StadtdBmisch-Leippa bis zum Jahre
1621 [1171-1621]. Ed. Bienert, 239 pp., s.d.

consulari.

(S5) SOKA Liton#fice, fond AM Litoméfice, sign. IV B 1a: Kniha

panétri litomé&fickych méstskch pgisati 1570-1607.

(S6) SOKA Teplice, fond AM Krupka, dodatky ing. 1: Knott, R.:

Michel Stielers Gedenkbuch.

(S7) Zamek Nelahozeves, RLK, sign. VI Ef 26: Raudnitzer
Denkwirdigkeiten vom J[ahre] 1718 bis 1781 aus dem Tage-

buche einer RaudnitzeriBger] Wen[zels] Nik[olaus] Brodsky
abgeschrieben.

(S8) Zemsk archiv Opava — politka Olomouc, Sitka rukopis

Metropolitri kapituly Olomouc, CO 632: Diarium piaristiék
koleje Staa Voda z let 1690-1718.
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