7. Klimatické anomalie,
hydrometeorologicke
extremy, jejich dopady a
percepce




7.1 Velkeé prirodni katastrofy
Definition: What are “GREAT natural catastrophes”

(In keeping with United Nations definition criteria)

The affected region's ability to help itself is distinctly
overtaxed

* Interregional or international assistance is necessary
» Thousands are killed

» Hundreds of thousands are made homeless

= Substantial economic losses

= Considerable insured losses
© 2006 Geo Risks Research, Munich Re



Natural catastrophes on the rise - Number of relevant loss events by peril 1980-2019




Losses from weather disasters worldwide 1980-2019




Otazky:

- Promita se pozorovany proces globalniho oteplovani na Zemi
do frekvence a intenzity hydrometeorologickych extrémiu?

- Stava se lidska spolecnost citlivéjsi na dopady
hydrometeorologickych extrému?

- Je percepce hydrometeorologickych extrémi ovliviiovana ve
veétsi mire sdélovacimi prostredky?
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7.2 Hydrometeorologickeé extremy

- hodnoty meteorologickych (hydrologickych) prvka vyskytujici se
s dostatecné malou pravdépodobnosti — teoreticke rozdéleni

- ptipady meteorologickych (hydrologickych) jevii zpusobujicich
ztraty na lidskych zivotech a rizné materialni Skody
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Zdroje udaju o hydrometeorologickych extrémech

e systematicka (pristrojova) pozorovani - narodni sité
meteorologickych (hydrologickych) stanic

» dokumentarni udaje - pfime a nepfimé (proxy) informace

» paleoklimatické udaje — prirodni proxy
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7.3 Dopady klimatu na lidskou

spolecnost
Impact Model
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Impaktni modely
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Interakcni modely

Interactive Model/Feedback

Interactive Model/Feedback/Underlying Process

Kates (1985)
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Urovné dopadii klimatu na lidskou spole¢nost

* First-order impacts: Biophysical impacts on crops,
energy availability and animals (wild and domestic)

!

« Second-order impacts: Food prices; hunger,
malnutrition and disease; population decline

!

« Third-order impacts: Economic disruption and social
disturbance (birth-rate, death-rate, migration etc.)

Kates (1985), Pfister (2007)



Faktory Dopady
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Obr. 9. Pisobenti kolisani klimatu na ¢lovéka a spole¢nost — piiklad specifikace modelu
postupnych impaktﬁ95
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stoleti) (Dolak et al., Geografie, 2015)




7.3.1 Vyziva a ceny

Klimatické podminky ovliviiujici kvalitu a kvantitu produkce v

tradicnim zemédélstvi ve stredni Evropé

Critical months Grain  Dairy Vine
September-October Wet Cold Cold, wet
March-April Cold Cold (Late frost)
July-August Wet Wet Wet

Bold: conditions affecting the quality of crops
Normal: volume of harvests or animal production

ztraty nedostate¢né suchého obili pri uskladnéni az 1/3 sklizné (kli€eni, plisné,
skadci); srazky béhem senosece — vymyvani zivin (proteiny) — pokles produkce
mléka; studené desté — poskozeni plodovych o¢ek u vinné révy — mensi sklizen

Pfister (2005)



Evoluce dusikového cyklu ve stredni Evropé (1)
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Evoluce dusikového cyklu ve stiredni Evropé (2)
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Evoluce dusikového cyklu ve stiredni Evropé (3)
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Human Stature and Climate

Climate - Nutritional Status - Human Stature
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Trends in heights of the Habsburg soldiers in age 23-50 years sorted according
to birth decade (Baten, 2002)



Climate and grain prices in the 16th-18th centuries

120 Brno wheat rye

E '1{:”] T e hﬂ"lﬂ}" noats 1

E 80 ,\ A )

e : i Il I| ."' I'. Fo. ol _.-'-

B O TN NIV AL NN L)
|:| i - :
1755 1780 1785 1770 1775 1780 1785 1790 1795 1800

350
Datice wheat — rye

"':" Em ....... bﬁ'lﬁ‘f 'DHIE

ok}

N 250 \

® 200 |

i / i

~ 150 f

S 100 ﬁ \J'

= L i L

[l .hl ||ﬁ-j i»- j.J \F 4 JI' "'}"3‘

50 Andl l h*
0

1625 1845 1865 1685 1705 1725 1745 1765 1785
Years A.D.

- adverse weather of the given or preceding year was a reason for bad harvest in
67% of 61 selected years (socio-economic factors in 57%)

- a weather effect was quite dominant in one-third of all years
(Brazdil and Durd’akova, 2000)



index ("real-price")

Detrended rye prices (Nuremberg)
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7.3.2 Hydrometeorologicke extremy a dane

Danovy systém na Moravé v 17.-19. stoleti

Tzv. lanové bernictvi - zdanéna pouze puda poddanska (rustikal),
puda panska (dominikal) osvobozena.

Prvni moravska lanova vizitace (1655)

- ,kdo budoucné utrpi skodu ohnem neb jinak, ma za ucelem
odpisu bernich lanu na Skodu pripadajicich, hlasiti ji krajskéemu
hejtmanu, ktery ji se sousedy zjisti"

Druha moravska lanova vizitace (1675)

- hlaseni zivelni skody (rychtar)

- kontrola skodni komisi ustavenou krajskym hejtmanem
- krajska sprava - snizeni dané

Tereziansky katastr (1760-1820)

- placeni dané postupné i z dominikalu



Impacts of
weather
extremes

Percentage expression of
damage on subject land
due to hailstorm,
torrential rain and flood
of 10 August 1694 at the
domain Pernstejn (rela-
ted to the land-registers
of communities in 1675)

(Brazdil, Valasek,
Meteorologicky Casopis, 2003)
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An overview of hydrological and meteorological extremes and their
Impacts on the domain of Pernstejn in the period 1694-1718. The
affected area Is expressed on the one hand in méfices (m), on the
other hand as a percentage share of the area on the rustical land as
existed in 1675. Explanations: H — hailstorms, SR — spate rain, F —

flood, * — damage in three days

Date Event | Number of | Number of | Area (m) | Area (%)
villages farmers

10 Aug. 16941 H, SR, F 25 224 2037 5/8 25.0
1705« |H, SR, F 10 72 823 7/8 10.1

2Jun. 1710|SR, F 8 49 605 6/8 7.4
28 May 1711 | (H) 4 24 396 7/8 4.9
8 May 1714|H, SR, F 10 94 968 3/8 11.9
1 Aug. 1714|SR, F 9 25 127 7/8 1.6
22 Jun. 1717|SR, F 4 10 194 6/8 2.4
10 Oct. 1718| SR, F 4 7 66 - 0.8




Skody (odpis dani v korunach) zptsobené krupobitim
na uzemi Moravy v letech 1896-1906
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Pocet krupobiti v letech 1896-1906
na uzemi Moravy
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7.3.3 Povétrnostni extrémy a lesy

A

Fig. 1. Possible kinds of tree damage during wind, snow and ice deposit disasters: a) top-
break, b) crown-break, c) stem-break, d) wind-fall, ¢) wind-lean (adapted after Vicena
1992)

Brazdil, R. (1998): Meteorological extremes and their impacts on forests in the Czech
Republic. In: Beniston, M., Innes, J. L., eds.: The Impacts of Climate Variability on

Forests. Lecture Notes in Earth Sciences 74. Springer, Berlin, Heidelberg, New York, s.
19-47.



Pocet lesnich polomu zpusobenych vétrem

17. stoleti

Pocet lesnich kalamit
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Annual estimates of forest damage over the territory of the Czech Lands,
compiled from documentary data and complemented by published papers,
expressed as two separate independent variables: m? of damaged solid wood
(1) and in numbers of damaged (uprooted and broken) trees (2). Asterisks
identify years in which forest damage was reported without exact quantification
(Brazdil et al., Agricultural and Forest Meteorology, 2018)

Number of trees (103)



Damage (108 m3)
= = N N w w
o (6] o (6] o (6]

o
(¢}

" o |

1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980

Annual estimates of forest damage (m?2 of timber) done by 70 individual
windstorms in the 1900-1980 period over the territory of the Czech
Lands, compiled by HoSek (1981) (in Brazdil et al., AFM, 2018)



MSLP
(hPa)

10

Composite of mean sea-level pressure (MSLP in hPa; contours) derived from nine outstanding winter half-year
windstorms at time-steps near the initial phase of most intense winds. Long-term anomalies of MSLP (hPa;
shaded) with regard to 20th Century Re-analysis version 2c (1851-2014) are added (Brazdil et al., AFM, 2018)



Podil meteorologickych extrému na nahodilé tézbé dreva
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Fluctuations in bark beetle salvage felling (million m2 of timber) for the Czech
Republic in the 1964-2021 period (source of data: Research Institute of
Forestry Economics and Gamekeeping)




7.3.4 Hladomory v ¢eskych zemich

- zaCatek 80. let 13. stoleti (po smrti krale Pfemysla Otakara l),
polovina 2. dekady 14. stoleti (Jan Lucembursky), zaCatek 30. let 15.
stoleti (husitské valky)

* despite different time intervals and states of the society in the Czech
Lands, the general features of the famines were the same

- complicated social-political situation (weakening of the central
role of the state; internal problems; steady collapse of any “policing”
system; civil war and/or presence of foreign armies; impoverished
iInhabitants, very high proportion of poor people; craftsmen losing
money and social status; deterioration of general moral standards)

- accumulation of adverse weather patterns (influencing field work;
problems with sowing and harvesting; livestock deaths)



- severe-to-catastrophic failures of key agricultural crops
(mainly grain) for at least two successive years

- consequences: dramatic increases in the prices of key
foodstuffs; hunger; consumption of poor-quality substitutes for
normal diet and consequent increases in vulnerability to illness;
spread of disease; sharp rise in human mortality; villages
abandoned as the inhabitants take to begging in towns; severe
Increase in crime; cases of cannibalism

- consolidation: resolution of political tension in the country;
consolidation of internal patterns; improvements in supply of
essentials; decrease in prices of basic foodstuffs; good harvest in
successive years leading relatively quickly to normalisation of
social patterns

(Brazdil, R., Kotyza, O., Bauch, M. (2017): Climate and famines in the Czech
Lands prior to AD 1500: Possible interconnections in a European context. In:
Collet, D., Schuch, M. (eds.): Famines During the ‘Little lce Age’ (1300-1800).
Socionatural Entanglements in Premodern Societies. Springer International
Publishing AG, 91-114)



7.3.4.1 Hladova léta v Ceskych zemich 1770-1772

Katastrofalni neuroda v letech 1770 a 1771 v dusledku
nepriznivych meteorologickych podminek:

- 1769: vlhky podzim

- 1770: mokra zima (1769/70), od 19. bifezna nékolikadenni
snézeni a nasledné mrazy do poloviny dubna, ozimy nevzesly,
opozdilo se seti jafin na kvéten, poté sedmitydenni sucho, nato
desté, které nepriznivé poznamenaly vlastni Zné€, na podzim se
selo za sucha, ale desté opé€t v listopadu a v prosinci

- 1771: tepla zima (1770/71), studen€ jaro se snéhem a mrazy
(mnohde lezel snih az do kvétna), desté v dob¢ Zni



- nékolikanasobny rust cen obili, bida, hlad, nahrazky potravin u chudych lidi
- epidemicke rozsireni brisniho tyfu a velky narust umrtnosti (zemfela 1/10
obyvatel v Cechach)

300 —— Births (Bohemia)
250 Births (Moravia)
— Marriages (Bohemia)
200 — — Marriages (Moravia)
: — Deaths (Bohamia)
o 150 — — Deaths (Moravia)
=

1760 1762 1764 1766 1768 1770 1772 1774 1776 1778 1780
Years A.D.
» velky narust kriminality a poctu Zebraku
» rozsahla pomoc trpicim Cecham organizovana cisafskym dvorem ve Vidni

« (CasteCna zména stravovacich zvyklosti (péstovani brambor)
« Cetné ozbrojené boure proti vrchnosti v Ceskych zemich v roce 1775

(Pfister, Brazdil, Climate of the Past, 2006)
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Map of hunger 1770-1771 in Bohemia — Austrian Empress Maria Theresa
‘with her son Joseph the Second as rescuers of Bohemia before famine (Fr.
Stephan, 1774, the Map collection of the Charles University in Prague)



7.4 Percepce hydrometeorologickych
extrému a jejich dopadu

The Bible - weather as action of the God - example: Noah deluge



Destruction of the biblic town of Sodom by flood and
fire
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The Velislav Bible around 1340 (Brézdil and Kotyza, 1995)



Catastrofic visions - apocalypsis

Konjunkce planet predpovézena na unor 1524 astronomem Johannem
Stoefflerem méla zpiisobit katastrofalni povodné — piiklad tisténych

astrometeorologickych predpovedi
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Increase In weather disasters - responses in the
soclety - witchcrafts

O AL

Hailstorm hits a town from a broadsheet Leipzig 1562 (Behringer, 1999)



Witches cause a hailstorm

Weather extremes:
.Q""" &lﬁ
m \3“ - action of the God
5 ()

- action of the Devil

- action of witches

Malleus maleficarum
(1486) lici, jak dva
carodejove z Bernu
,dokazali privolat ty
nejprudsi vichrice a ty
nejnicivejsi vetry a blesky
... hékdy také zasahnout
bleskem, koho chtéli ..."

Behringer (1999)



Execution of three witches on 4 November 1585 in Baden (Switzerland)
(Zentralbibliothek Zurich, Collection of Johann Jakob Wick, Ms F 33, fol. 277r)




Witchcraft burnings in Europe, 1560-1670
Average number of victims per year

Hexenverfolgungen in Europa 1560 - 1670
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7.5 Shrnuti

a) Sektory lidské Cinnosti nejcitlivéjsi na plisobeni
klimatu a jeho extrému:

- agrarni spolecnost — zemédélska produkce

- soucasna spole¢nost — doprava

b) Pouceni z dopadi v minulosti

¢) Permanentni piisobeni hydrometeorologickych
extremu — rostouci Skody a lidské obéti

d) Budouci dopady klimatu:

- snizeni negativnich dopadi

- znalost variability klimatu z minulosti

- klimatické scénafe, adaptace, zmirnéni dopadu
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