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5.1 Definice a vyvoj historické klimatologie

Historicka klimatologie je definovana jako vedni disciplina
situovana na rozhrani klimatologie a (environmentalni)
historie, pracujici hlavné s dokumentarnimi prameny a
pouzivajici metodologii klimatologie a historie ve trech
oblastech:

a) Zabyva se rekonstrukci Casoveé a prostoroveé variability
pocasi a podnebi, jakoz i pfirodnimi extrémy vztahujicimi se
ke klimatu, zejména pro obdobi pred zrizenim narodnich siti
meteorologickych stanic (hlavné pro posledni tisicileti), ale i
pote.

b) Studuje citlivost minulych spolecnosti a ekonomik ke
kolisani klimatu, klimatickych extrémum a pfirodnim
katastrofam.

c) Zabyva se prezentaci a spoleCenskou percepci klimatu v
minulosti. (Brazdil et al., Climatic Change, 2005)



Emmanuel Le Roy Ladurie I.E ROY LADURIE

HISTOIRE
| DU
CLIMAT
DEPUIS AN MIL

premier volume

(*1929)

Following the general paradigm after the demise of
the climatic determinism, that social phenomena are
supposed to be explained by social processes, Le Champs
Roy Ladurie was very reluctant to admit any societal Flammarion

relevance of climatic variations:
"In the long term the human consequences of climate seem to be slight, perhaps

negligible, and certainly difficult to detect.”

1967



Hubert Horace Lamb (1913-1997)

 use of temperature
and precipitation
iIndices

* synoptic interpretation

* climate paradigm of
the past millennium

* climate and society -
climatic determinism

Lamb, H. H. (1977): Climate: Present, Past and Future. Vol. 2:
Climatic history and the future. Methuen, London, 835 pp.



Pierre Alexandre (*1951)

» analysis of climatic
patterns in Europe based on
written documentary
evidence from the Medieval
time

* criticism of data about
weather and related
phenomena - utilisation of
historically credible sources

* short overview of reports in
the European scale

PIERRE ALEXANDRE

LE CLIMAL

EN EUROPE AU MOYEN AGE

1987



Chrlstlan Pfister (*1944) — zakladatel moderni HK
| ACADEMICA HELVETICA

* jednoduché a vazené teplotni a srazkové indexy 1984,

* dopady minulych klimat na ¢lovéka a lidskou spole¢nost 1988

* synopticka interpretace



* pfirodni pohromy a jejich percepce

« organizace (stredo-)evropskeé
spoluprace v HK

Christian Pfister

Wetternachhersage

500 Jahre Klimavariationen

und Naturkatastrophen

1999

Climatic Variablility in
Sixteenth-Century
Europe and Its
Soclal Dimension

Edited by
Christian Pfister, Rudolf Brazdil

and Rudiger Glaser
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illennium
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oA European Climate é:_r i

EU program MILLENNIUM (2006-
2010)

 financovana evropska spoluprace v
historické klimatologii (10 zemi)

« pouziti metod standardni
paleoklimatologické rekonstrukce

* nové védecké poznatky z historické
klimatologie

* rozsireni histprické klimatologie do
dalSich zemi (Svédsko)

» konfrontace s klimatickymi modely

» akceptovani historické klimatologie
paleoklimatologickou komunitou

Climatic Change

An Interdisciplinary, International Journal Devoted to the
Description, Causes and Implications of Climatic Change

Editor: STEPHEN H. SCHNEIDER

Volume 101 — Nos. 1-2 = July 2010

SPECIAL ISSUE:
EUROPEAN CLIMATE OF THE PAST 500 YEARS BASED ON
DOCUMENTARY AND INSTRUMENTAL DATA

ISSN 0165-0009

@ Springer



£al “Golden Age” of
historical
“/s:B8 climatology — the
1990s-2000s
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5.2 Dokumentarni prameny o pocasi
a pribuznych jevech

5.2.1 Prameny individualni

narativni prameny (analy, kroniky, pameti)
osobni korespondence
ekonomické prameny

obrazové dokumenty

noviny a ¢asopisy
prilezitostné tisky

epigrafické prameny
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Pop

strasné povmlnl
v Praze roku 1890,

Postrach & zdéSeni viidne kalﬁyu: pFi vzpomice o ‘povodni v Cechich.
Sti‘{hropénni Vitava byvii rozvodnéna stélymi deSti, zatopila uejprve Budéjovice a celg
okoli, odtud hnala se dravfmi prnmiy sesilnéna Jeﬁl! vedlejéimi piitoky ku;mahch
Praze & tu pi¢f staleté pamatky Ceské, -3

Utaslé zistupy lidstva dlva;l se v ustrnutl a s hrdzou, jak dravé proudy chvﬂti
starobylfy Karldv mos u{ zodm  eelému Ctesko-slovanskému ndrodu, jeni od staletf
putoval :oula cestou na slavnosti & pouté k chrdma sv.-Vitskému,

A tak rozzafeny Zivel vodnf nidf v okamiiku vie, co po stalet! ruka lidskd

vytvokila.
Sticeni Karlova mostu.
Karliv most zaloZen dne 8. Aervem:e 1367 od Karla 1V., dlouhy jest pres
700 krokti a Biroky 33'l, stopy. — Dae 4. ziil k rinu pfihodilo s¢ neStésti, Jjakéhoz

dozajista nikde nouéekivul a Jakw nestalo se v Praze jiZ po nékelik let. Karvliv most,

casné védecké prace a komunikace (kompilace zprav)

vizualni denni pozorovani pocasi

casna pristrojova meteorologicka meéreni

ey 0



Zdroje vypravéci povahy
analy, kroniky, paméti atd.

“Dne 30. ¢ervence (1119) ve stiedu, kdy? se
Jjiz den chylil vecCeru, prudky vichr, ba sam
Satan v podobé viru, uderiv nahle od jizni | oe=TR
strany na knizeci paldc na hradé VySehradé, Wik
vyvrdtil od zakladu starou a tedy velmi
pevnou zed’, a tak - coZ jest jesté podivnéjsi
gjev - kdeZto, oboji strana, predni zadni, _
zuistala celd neotiesend, stired paldace byl az Kk Prazsky
zemi vyvrdcen a rychleji, neZ by ¢lovék kanovnik
pielomil klas, naraz vétru polamal hovejsi a Kosmas
dolejsi tramy i s domem samym na kousky

rozhazel je. Tato vich¥ice byla tak silna, Ze

kdekoliv zufila, v této zemi svou prudkosti Jan FrantiSek Vavak
vyvrdtila lesy, §tépy a vitbec vse co ji stdalo v zaznamenaval pocasi
cesté.” (Jde o popis tornada v Cosmae v Mil¢icich v letech
Pragensis Chronica Boemorum, s. 219) 1770-1816
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Vizualni denni pozorovani pocasi

Piiklady z Ceskych
zemi:

- Jan z Kunovie, 1533-1545,
jithovychodni Morava

- Karel starsi ze Zerotina,
1588-1591, Namést nad
Oslavou

- Bartoloméj Zelenka, 1680-
1682, 1691-1694, 1698-
1704, Sobé¢slav, Tabor,
Brandys nad Labem

- Karel Bernard Hein, 1780-
1789, Hodonice
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Analysis of visual
daily weather
records

- interpretation of
terms used

- graphical
presentation

- frequency of
events (the recent
reference period)

- derivation of T
and P indices

- quantitative
interpretations
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underlined symbol - very
- occurrence in the night
and morming

|- - occurrence in the
afternoon and evening

Example of the meteorological interpretation of the earliest daily weather records of the
nobleman John of Kunovice in southeast Moravia from 1533-1545 (Briazdil and Kotyza,

1996):



a na Svatém Kopecku (SK)

Interpretace zaznamu z diarii

Denni zaznamy pocasi (1693-1783) z diarii premonstratu

January February March
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1836

Zmény v poloze
ledovce Rhone v

letech 1856 a 1998

1856

Obrazové dokumenty

© Hydrologischer Atlas der Schweiz 3.8.

1998



Most v Litoméricich zniCeny béhem
povodné na Labi dne 24. brezna 1814

Strelecky terc (1826)
zobrazuijici povoden
Dyje na jizni Moravé
v unora 1799 a usili
posadky ruskych
kozaku
zachranuijicich
vesniCany plovouci
na ledovych krach a
zbytcich staveni ve
Starém Saldorfu




Liturgické prameny
Prosebna procesi (rogativas) ve Spanélsku, Italii a
jinde — neprimy dokumentarni indikator klimatu

Urovné prosebnych
procesi proti suchu:

Uroveri 1: Preventivni
Urover 2: \/yskyt néjakych
skod

Urover 3: VVyskyt vyznamnych
skod

Uroveri 4: Cela Uroda v
nebezpecCi

Uroveri 5: Nebezpegi
hladomoru

Martin-Vide, Barriendos (1995)




Titulni strana tiSténého
kazani domazelického
knéze Daniela starSiho
Philomatesa s nazvem ,0O
hrozném a velikém suchu
zadrzeni destu a odtud
nasledujicim nedostatku
vody, jakéhoz sucha zadny
z lidi nynéjsich, ode sta let i
vyseji, starych nepamatuje”,
pfedneseného u prilezitosti
extrémniho sucha z roku
1616

(Predmeét ze sbirek Narodniho muzea v Praze)



Epigrafické prameny
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Hladovy kamen pti1 levém biehu feky Labe v D&Cin€ obnazeny pii suchu v
roce 1904 - indikator suchych obdobi (hydrologické sucho) v Cechach



Znacky velkych vod — Bradac¢ v Praze

__,‘_ .‘J-ﬂ-._ B
g

F

Plastika BradacCe na nabrezi Vitavy vedle Karlova mostu v Praze (vlevo) a
puvodni poloha Bradace podle vyobrazeni F. W. Welleby z roku 1827 (vpravo)



Znacky velkych vod

Zamecka skala v De¢iné Cedule z Usti nad Labem
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na den svatého Vaclava,
budiz Bohu ¢est a slava,
Jjest nam dana z nebe viaha.

Na primluvu Matky Bozi
rada se ouroda mnozi,
destickové dobre slouzi.

& drubéroptifftents

Nebot z nebeské vysosti R e o
vrwv . . ¥

spadl desticek v tichosti

beze vs$i lidské starosti.” Druhé vydani pisné z roku 1679 méstanem

atd. Nového Mésta Prazského Vaclavem Stastnym

FrantiSkem Rambekem (velké sucho 1678)
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Description of flood on the River
Vitava in February 1581 in Prague
and the plague in 1582




Casné védecké
prace a sdéleni

Title page of the book by
Christian Gottlieb Potzsch
“Chronologische
Geschichte der grossen
Wasserfluthen des
Elbstroms seit tausend
und mehr Jahren”,
published in Dresden in
1784

-compilations can by biased
by uncritical use of sources
(misdating, multiplication of
the same event)

C. ® Pisidens

ber Bcipgiger dfonomifdyen Socictde Mitgliedd

Thronologifche Gefchichte

Der grofien

MWaiferluehen o CLOfFromS

feit taufind und mehr Sabhren.

Mit Kupfecn.
B 0 AP A, T 0 T B 5 T o L S A I T 0 . 1 T e
Dregden, 1784
Sn ter QAWaltherifdhen Hofbudibandlung.
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5.2.2 Prameny institucionalni

- knihy po¢ctu

 zpravy o Skodach zpusobenych extrémy pocasi jako zaklad
pro zadosti o snizeni dani

« oficialni korespondence

* noviny (v€etné meteorologickych pozorovani)
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e —

* lodni deniky B Gl :
‘. JOURNAL \

- systematicka meteorologicka pozorovani : o
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* carrying manure to the pipes (protection from frost)

* cutting of ice between mill-wheels and at mills (intense frosts)

e removing of ice barrier on the Ohre river (intense frosts)

* clearing snow from roofs and roads (much snow)

e first field work (end of winter - mild weather)

 carrying water out of cellars (torrential rains)

* beginning, course and end of harvest work (weather character)

* repairing bridges, window panes and roofs (weather extremes)



Rekonstrukce teploty vzduchu zaloZena na ekonomickych pramenech
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Reconstructed winter temperatures

(°C) Prague-Klementinum in 1518-

| 0 1621 (reference period 1901-1960):

Xl X I Il
% was paid for clearing snow in this week
? missing records about the payment of wages

a - method of linear regression

I b - method of mean anomalies

(Brazdil and Kotyza, 2000)
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Case study: use of taxation data in Southern
Moravia for the study of past floods

The First Moravian Land Registry (1655) about farmers affected by
HME extremes: “whosoever in the future shall suffer damage due to
fire or otherwise, for the purpose of reduction of [taxes due from]

hides affected by the damage, report it to the regional administrator
who will evaluate it with the neighbours”

1st level 2nd level 3rd level

1 - Damage report

2 - Commission

4 - Final damage
decision

Commur |t 3 - Commision report ‘
%7;’1 Y : Land efflce

6 - Tax decision
ol i il ‘ message

5 - Tax decision

Bl i 2 B e e BT b, Sigmat silaas . ol

The process of tax remission related to damage arising out of
hydrometeorological extremes. The numbers express the temporal
sequence of individual steps in the process
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Annual frequency of (a) total hydrometeorological extreme events and (b)

individually classified types of extremes in south-eastern Moravia (10 estates)

during the 1751-1900 period derived from taxation data (Brazdil et al., 2012)
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Frequency

Frekvence povodni The River Dyje

8 - ] — [ taxation data
B 1 [J documentary data

e e LR e

1691- 1721- 1751- 1781- 1811- 1841- 1871- 1901- 1931- 1961- 1991-
1700 1730 1760 1790 1820 1850 1880 1910 1940 1970 2000

147 p Documentary data + Water Discharges
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10. 8. 1694

2.6.1710

10 August 1694
- hailstorm,
spate rain, flood

2 June 1710 -
spate rain, flood

1705 (25 and 27
June, 9 August)
- hailstorm,

spate rain, flood

28 May 1711 -
hailstorm



Ekonomické prameny - vinobrani
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Wine Crisis in Central e
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Temperature anomalies ['C]

i —— reconstruction
I —— 30 yr Gaussian filter
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Fluctuations of April-August temperature anomalies in Burgundy as
reconstructed from grape-harvest dates in the period 1370-2003. Smoothed
by 30-year Gaussian filter, 0 — standard deviation (Chuine et al., 2004)



Ufedni korespondence

Noviny, Casopisy
description of weather and hydrometeorological events and
their impacts, requests for help to people affected

early meteorological / hydrological measurements
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Lodni deniky

The sailing ship of the great of sail was the highest technological
achievement of its time. They created, unintentionally, a near-
global network of weather observation platforms.

Ships sailed the world’s
oceans, trading, fighting,
exploring and maintaining
the great European
empires.

Officers of all nations were
obliged to keep logbooks,
and in which a careful daily
record of the weather was
included.




Odhaduje se, ze v britskych archivech

e A existuje pres 120 000 lodnich deniku z

| (i_ T %“”’ J e obdobi 1650-1850. Dalsi archivy existuji ve

I S Spanélsku, Holandsku, Francii a v dal§ich
e e L zem |,Ch .

', JOURNAL
Predstavuje to pfes Sest milionu

PROCF{E“DINGS vérohodnych a detailnich zprav o pocasi.
- His Majefiy's Ship |
A btk - Asidoroku 1790 jde pouze o kvalitativni

" - zaznamy, ktere zahrnuji:

1. Silu vétru (ne podle Beauforta cca do
roku 1836)

2. Smer vetru

3. Poznamky o dennim pocasi (dést,
kroupy, snih, mlha, hfméni, oblaka atd.)

Cteni barometru a teploméru jsou k
dispozici ve vétsi mire az po roce 1800.
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Studie projektu CLIWOC (Climatological Database for the World’s
Oceans: 1750 to 1850) se koncentrovaly na verifikaci a kalibraci dat
a pripravu databaze a spolupraci s ICOADS - viz:

www.ucm.es/info/cliwoc

Prostoroveé pokryti udaji je dobreé v severnim a jiznim Atlantiku a
Indickém oceanu, ale chudé v Tichém oceanu.



http://www.ucm.es/info/cliwoc

CLIWOC publications:

LT
SpeCiaI edition Of CLIWOC HULTILES#;;:R‘E:EEI LOGICAL

Climatic Change
An English-Spanish-Dutch-French dictionary
of wind force terms used by ners from
‘ | 1750 to 1850 |

Climatic Change

An Interdisciplinary, Intemational Journal Devoted to the

Climatological Database for the World's Qceans- 1780 fo 1850

A review of She project

Description, Causes and Implications of Climatic Change

Eduror: STEPHEN H, SCHNEIDER
- Vodpg 77 - Noa. 12 - Mevarnher (1 T 2HE

EC Framemedrk ¥ Propect EVR1-CT-2000-0KE0

SPECIAL [SEUE

CLIWOE: CLIMATOLOGY OF TIE WORLE S DCEAMS. 17801585

¥
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Darnth Vinssdar, Ricards Gared Hamarn, Frits Kosk and Give Wikinsesn
200

Prepard Lndes the ELI-TuMequ‘ectEv'm-CT-Em-ﬂmm

EC book CLIWOC multi-lingual

dictionary of weather terms

@ Springer



Prednosti dokumentarnich udaju

Dobra kontrola datovani a velké casové rozliSeni.

Jasné rozliSeni meteorologickych prvku v narativnich
zpravach (napfr. teplota, srazky, snih, vitr).

Orientace na povétrnostni anomalie a prirodni pohromy.

Pokryvaji vSsechny mésice a sezony (pokud se berou
dohromady).

Nevyhody popisnych dokumentarnich udaju

Diskontinuity v pozorovanich (napfr. umrti
pozorovatele/autora zaznamu nebo zména v
administrativhim procesu).

Sum zpUsobeny riiznou percepci pozorovatelf.

Problém prekryvu dokumentarnich udaju s obdobim
pristrojovych pozorovani (kalibrace x verifikace pro

rekonstrukci). (Pfister et al., 1999)



5.3 Metody historicko-klimatologicke
analyzy a rekonstrukce

The index of record density H, (Pejml, 1966)
H, = k,P,/365 + k,P,/52 + k,P,/12 + k,P,/4 + k. P,

where P, - the number of observations (i - kind of records: 1 - daily, 2 -

weekly, 3 - monthly, 4 - seasonal, 5 - annual),
Kk, - the transfer coefficient (k,=84.1, k,=12.0, k;=2.8, k,=0.9, k.=0.2)
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Kinds of climatic evidence from historical
documents from the High Middle Ages

Prior to AD 1300: Reports of socio-economically significant
anomalies and (natural) disasters.

1300 to 1500: More or less continuous reports on characteristics
of summers and winters (to some extent also on those of spring
and autumn) including reference to “normal” conditions.

1500 to 1800: Almost complete description of monthly weather,
to some extent also of daily weather.

1680 to 1860: Instrumental measurements made by isolated
individuals. First short-lived international networks

From 1860: Mostly instrumental network observations

Pfister (2001)



Kriticka prace s daty — historické kompilace
Zprav o pocasi

Antonin Strnad (1746-1799)

- a professor of Charles University and a
director of the Prague observatory

- Strnadt, A. (1790): Chronologisches
Verzeichniss der Naturbegebenheiten im
Konigreiche Bohmen vom Jahre Christi
633 bis 1700 ... Prag 1790.




Compilations of weather records

* Potzsch (1784)
* Pilgram (1788)
* Angot (1895)
e Hennig (1904)
 Easton (1926)

» Weikinn (1958-2002) - 6
volumes

Criticism by Bell and Ogilvie
(1978):

- wrong dating, multiplication of
events N
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Dokumentarni prameny jako zdroj
informaci pro rekonstrukci klimatu

a) (bio)fyzikalni rady

Jsou zaloZeny na datech pochazejicich z institucionalnich pramenu jako data
ruznych zemédélskych praci (napf. zaCatek zni nebo vinobrani), dopravni
aktivity (otevreni severskych pfistavll po zimé, data zacatku a konce
zamrzu fek, jezer nebo kanalu) atd.

b) rady teplotnich (srazkovych) indexu
Vazené meésicni indexy — teplota vzduchu / srazky
-3 extrémné chladny / extrémné suchy
—2 velmi chladny / velmi suchy
—1 chladny / suchy
0 normalni
+1  teply / vlhky
+2  velmi teply / velmi vinky
+3  extrémné teply / extrémné vihky
Sezonni indexy jako prosty souCet mésic¢nich indexu mohou dosahnout
hodnot v rozmezi -9 az +9, roCni indexy —36 az +36.



Problémy dokumentarnich udaju z pohledu
rekonstrukce klimatu

- chybéjici udaje — nékdy klasifikovany jako “normalni”
(chybéjici udaje ale nemusi znamenat normalni pribéh pocasi)

- nestejny zajem pozorovatele o projevy pocasi v prubéhu roku
(vetsi pozornost vegetacnimu obdobi a extrémnim
povétrnostnim jevum jako velké mrazy/horka, mnozstvi snéhu
atd.) — zimy a léta lépe pokryta daty nez jaro a podzim

- extrémni hodnoty (obtizné charakterizovat je ve skale
ordinalnich indexil)

- “normalni” povétrnostni podminky (riizna uroven “normalniho”
pocasi pro jednotlivé pozorovatele)

- neklimaticky sum (,,spole€ensky“ — social bias) v udajich
(muze byt interpretovan jako klimatologicky)



Rekonstrukce teploty vzduchu a srazek

Climatic evidence

Proxy

Instrumental

l

'

Time series

Proxy

Instrumental

™~

-
-

"4 e

Calibration -

Y

Verification

*

- fada indexu (dokumentarni
udaje) - meésicni: jednoduché -1 az
1, vazené -3 az 3

- kalibrace - prevodni funkce
(index — mérfena hodnota)

- verifikace — rizné statistiky

- rekonstrukce

Schéma kvantitativni
(paleo)klimatické rekonstrukce



Index

dT["C]

Prenosova funkce je stanovena pro obdobi prekryvu a aplikovana na
proxy data predchoziho obdobi.

T(rek) = f(proxy) T(mé&F) = f(proxy) T(vyp) v. T(mer)
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Dokumentarni prameny

1. Interpretace dokumentarnich prament

Teplotni raz mésice

extrémné teply
—————» velmi teply
> teply

normalini
- studem:f
it velmi studeny

o extrémné studeny

v

Index

+3
+2
+1

0
-1
2
3

2. Transformace na fadu indext

Schéma
rekonstrukce z rad
teplotnich indexu

(Dobrovolny et al.,
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Rekonstruovaneé teploty vzduchu podle dokumentarnich

prament pro stredni Evropu

Dokumentarni prameny jsou nejdfive transformovany do rady
ordinalnich indexu  pgs

. +3 extrémné teM l
+2 velmi teply -l
+1 teply \ L | R

0 normalni i
-1 chladny
-2 velmi chladny
-3 extremne chladny
|

Finalni hodnota indexu je interpretovana
Z ruznych pramenu (,opakovani*)

\

Indices

A R R X R
T

L L O L L B L R A B L O O L R L L A L L A LA T
1750 1751 1752 1753 1754 17585 1756 1787 1758 17549



Sestaveni fad teplotnich indext a mérenych teplot
vzduchu pro stredni Evropu

a) rada teplotnich indexu — priimér DE + CH + CZ pro 1500
1854
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b) rada merenych teplot vzduchu
— prumér z 11 homogenizovanych fad z
Némecka, Svycarska, Rakouska a Cech s
odstranénim ,Casného pristrojoveho sumu®
(stinéni teploméru) pro 1760-2007




Kalibrace a verifikace
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Rekonstruované teploty stfedni Evropy (1500-1854)




Linear Regression Model

TEMF = -0.4381+0 . 7555%

TEMF

= -G - -2 0 2 o G =
IMDEX.

The Linear Regression Model (RLM) between temperature indices (seasonal,
annual) as independent variable and air temperatures as dependent variable
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Spatial coherence of CEu temperatures
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Spatial correlations between the CEu instrumental seasonal temperatures
and the HADCRU3 5x5 degree temperature data (Brohan et al., 2006)



Stredni Evropa
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Kolisani anomalii sezénnich a ro€nich teplot vzduchu (referenéni obdobi 1961-1990)
stifedni Evropy v letech 1500-2007. Shlazeno Gaussovym filtrem pro 10 let



CEuT monthly reconstructions  (Dobrovolny et al. 2010)

* Monthly temperature
reconstructions are provided for the
entire period back to AD 1500.

i
— |

e Calibration and verification made
directly against overlapping
instrumental data.

i
- |

 Results are the best for winter
(86% explained variance in
January) and weaker for summer
(58% in June) and autumn (56% in
September).

i
—= 1

* For annual mean temperatures,
81% of the variance in instrumental
data is explained.

i i
[ =1 i1 11 =11 1.1 [ [
P =1 -1 =L L P L = L E = - L =L -l - - L - I - =L L T = -1

 Reliability of proxy data in the
pre-instrumental period is
quantified and used for the error
bar estimation.

Temperatune anomaly (K)
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Czech precipitation reconstruction
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Reconstructed annual precipitation totals based on precipitation indices for
the 1500-1854 period and combined with mean instrumental Czech series for
the 1804—2010 period (smoothed by 20-year Gaussian filter). Error bars are
defined as a two standard errors from calibration period. Horizontal bars
indicate the driest (wettest) 20-year period (Dobrovolny et al., Internation
Journal of Climatology, 2015)



precipitation anomaly [mm] wert. 1961-1930

precipitation anomaly [mm] wert. 1961-1930

Fluctuations of seasonal precipitation totals in the Czech Lands in the
1501-2010 period expressed as anomalies with respect to the reference
1961-1990 period. Smoothed by 20-year Gaussian filter. Reconstructed
values are in blue, measured in red. Uncertainty limits for reconstructed
precipitation are given as a 95% confidence interval (Dobrovolny et al.,

IJC, 2015)

150 150
[
DJF 3 MAM
100 4 T 100 4
o
50 g 50
| [ g
0 _ J- | i "';'ll I |Ii ll| | |ﬂ Ij'lllll||l “ |l % II|| I' "l'[l' - : ) r II ‘ I E [T a ek
I = /
il f |i i 'l 1 | | i l' T
(=]
.50 - E .50
5
E
100 - £ 100 |
b
=
-1 —— R T S ———
1500 1550 1600 18S0 1700 1750 1800 1850 1900 1950 2000 1500 1550 1600 18S0 1700 1750 1800 1850 1900 1950 2000
150 - o 10
JJA i SON
100 4 B 100 1
a0 I§ 50 4
E
\ E o uh | Ly 'li‘ (il
0 III| = 1 | " |||||"|q' W |||||||'| Timl I||||| '| || |-|_ : ..
; “l |Iw w | "W Wlﬂ "N ‘ I
2
-50 E 50
5
E
400 %-WU'
[l
&=
a0 4 e —
1500 1550 1800 1ESQ 1700 17s0 1800 1850 1900 1950 2000 1500 1550 1800 MBSO 1700 17500 1800 1850 1800 1850 2000



Czech summer (JJA) precipitation series

in comparison with summer Central Europe (45-53°N, 5-18°E) precipitation
calculated from Pauling et al. (2006)
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Harvest date

Series of winter wheat harvest days
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Year

Fluctuations in winter wheat harvest days (WWHD) for the Czech Lands in the
period 1501-2008. Smoothed by Gaussian filter for 30 years. Horizontal line —
average harvest date for the reference 1961-1990 period (Mozny et al., 2012)



Temperature anomaly [°C]
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March—-June temperatures — Czech Lands
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Reconstructed mean Czech March—June temperature anomalies (blue;

reference period 1961-1990) based on WWHD in the period 1501-2008
completed with 95% confidence interval and derived from linear regression.
Smoothed by Gaussian filter for 30 years (black curve). Reconstructed
temperatures are compared with Czech March—June measured temperature
anomalies smoothed by Gaussian filter for 30 years in the period 1848—2006

(red curve) (Mozny et al., Climatic Change, 2012)



Rekonstrukce
teplot dubna-
srpna podile
data zacatku
vinobrani

a) Map of the
Bohemian wine-
growing region, b)
the number of
sites of grape
harvest
observations for
the 1499-2012
period in individual
years (Mozny et
al., 2016)
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Temperature anomaly [°C]
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Measured (1) and reconstructed (2) mean Czech April-August temperatures in the
1499-2012 period using linear regression (a) and variance scaling (b); temperatures
are anomalies with respect to the 1961-1990 period. Thick blue and black lines are
measured and reconstructed temperatures smoothed by Gaussian filter for 30 years;
gray area approximates 95% confidence interval (Mozny et al., Clim. Past, 2016)



Temperature anomaly [°C]

Western Hungary May—-July temperatures
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Compilation of data from Koszeg (Western Hungary): grape ripening
dates — (1618)1630-1873; beginning of vine harvest dates — (1630)1644—
1944; collection dates of vine tithes — 1708-1847; collection dates of grain
tithes — (1617)1650-1847; vine quality indices — 1740-recent times.

(Kiss et al., 2010)



Stockholm January-April temperature series

» 1502-1892 — dates of the opening of the Stockholm harbour after winter freezing
» 1893-2008 — homogenised temperature series of the Stockholm observatory

temperature anomalies (w.r.t. 1961-1990)
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(Letjonhufvud et al., Climatic Change, 2010)



Pre-1500 (millennium) climate recon-
structions in Europe based on documentary
data




Temperature indices prior to AD 1500 in Europe
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Number of temperature indices (scale from -3 to +3) in Western and
Central Europe based on documentary data before AD 1500 according
to the EuroClimhist database (Pfister et al., in preparation)
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Interpretation of winter and summer temperature indices derived from
documentary evidence in Western and Central Europe in the scale from +3 to
-3 (according to the EuroClimhist database) (Pfister et al., in preparation)



Importance of proxies for
winter (DJF) temperature reconstructions
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Documentary
Tree rings

Ice cores
Corals

(Pauling et al. 2003)




Importance of proxies for summer (JJA)
temperature reconstructions
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Documentary
Tree rings

Ice cores

(Pauling et al. 2003)




5.4 Casové §kaly v historické
klimatologii

Short term: events with a duration of days to
seasons

Medium term: variations with a duration of more
than a year

Long term: variations with a duration of centuries -

Medieval Warm Period (MWP) — recently is used:
Medieval Climate Anomaly (MCA)

Little Ice Age (LIA)
Recent Global Warming (RGW)



5.5 Climatic paradigm of the past millennium

Hubert Lamb (1984):

 Medieval Warm Epoch
(AD 950-1200) (1150-1300)

* Period of climate
deterioration (AD
1200/1300-1550)

e Little Ice Age (AD 1550-
1850)

* Recent global warming
(after 1850)

Temperatures - England: a —
annual, b — June—July, c) winter
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Fluctuation of the Great Aletsch Glacier
(Swiss Alps) over the last 3200 years
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Three Peaks of the ,,Little Ice Age* in the Alps
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Northern Hemisphere - Mann et al.
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ATI[°C]

Annual temperatures in Germany (Central Europe)

annual temperatures —— 11yr mean Il error 11yr mean
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11-year running averages of annual temperature anomalies derived from
documentary (AD 1000-1750) and instrumental (1751-2007) data

(Glaser and Riemann, J. Quaternary Sci., 2009)
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Decadal numbers of monthly temperature anomalies in Switzerland (1501-2000)
differentiated according to rates of precipitation (Pfister, 2003)



Frequency and intensity of droughts in the

pre-instrumental
period

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
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Decadal frequencies
of droughts expressed
by SPEI-1, Z-index
and PDSI for April—
September in order of
their N-year re-
ocurrence interval (N
=5, 10, 20, 50, 100)
for the Czech Lands in
the instrumental

1805-2012 period
(Brazdil et al., Clim.
Past, 2013)
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Sucho

9 - Documentary data Instrumental data
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1510 1550 1590 1630 1670 1710 1750 1790 1830 1870 1910 1950 1990

Dekadové Cetnosti vyskytu sucha v Ceskych zemich v obdobi 1501—
2012 kompilované z dokumentarnich udaju (1501-1804) a z
meteorologickych meéreni (1805-2012)

(Brazdil et al., Climate of the Past, 2013)




April - September
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Fluctuations (blue) of drought indices SPI, SPEI and Z-index of April-
September in the Czech Lands, 1501-2015, calculated from CEu-T and CZ-P
reconstructions. Smoothed by 20-year Gaussian filter (black), 95% confidence
interval (grey) (Brazdil et al., Clim. Res., 2016)
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Fluctuations in reconstructed series of Czech annual drought indices (SPI-12, SPEI-12 and PDSI as

indicators of long-term drought) in the 1501-2014 period, smoothed by 20-year Gaussian filter. For the pre-
instrumental period, the 5th and 95th percentiles approximate to 90% confidence intervals (in grey)

Brazdil et al., Clim. Res., 2016 - http://www.int-res.com/abstracts/cr/v70/n2-3/
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SPEI reconstruction from grape-harvest dates
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The symbols of vintage and pressing the
grapes used in portraying the month of
October by Johann Willenberg in the
calendar of 1604
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a) Map of the Bohemian wine-growing 2 -
region, b) the number of sites of grape -
harvest observations for the 1499-2012 £ |
period in individual years (Mozny et al.,
Clim. Res., 2016)
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Reconstructed April-August SPEI (1) for the Bohemian wine-growing region
calculated from grape harvest days for 1499-2012 and smoothed by a 30-year
Gaussian filter (black). The grey area shows the approximate 95% confidence
interval based on the standard error of the estimate. The reconstructed SPEI values
are compared with the calculated SPEI values (2) that were smoothed by a 30-year
Gaussian filter for 1841-2012 (Mozny et al., Clim. Res., 2016)



Frequency and types of floods
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Flood index
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Chronologie
povodni v Ceskych
zemich

Dekadoveé Cetnosti vyskytu
povodni v Ceskych zemich v
obdobi 1501-2010 se zretelem
na synopticky typ povodné (1 —
zimni — listopad—duben, 2 —
letni — kveten—rijen, 3 —
nejasny): Vitava (od Ceskych
Budéjovic po usti do Labe u
Mélnika), Ohfe (od Kadané po
usti do Labe v Litoméficich),
Labe (od Brandysa nad Labem
po Décin), Morava (od
Olomouce po Straznici). Sipky
znaci zaCatek systematickych
hydrologickych pozorovani
(Brazdil et al., IAHS 10, 2012)
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Disastrous floods in Europe
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Historicka hydrologie a

Historicka hydrologie jako védni

disciplina na rozhrani hydrologie a Changes in Flood Risk
historie pracujici s in Europe
dokumentarnimi udaji a orientujici o et

Se Nna.

* rekonstrukci Casovych a
prostorovych pomeéru ficniho  roroE CAUSTIEKEES
odtoku a extrémni jevy (napfr. JOURNAL
povodné, ledove jevy, DES SCIENCES HYDROLOGIQUES
hydrologické sucho) pred
zacCatkem systematickych
hydrologickych pozorovani
» studium citlivosti minulych
spolecnosti a ekonomik na
extremni hydrologickeé jevy

(Brazdil, R., Kundzewicz,
Z.W., Benito, G.,
Demarée, G.,
Macdonald, N., Roald,
L.R. (2012): Chapter 7.

Historical Floods in
(Brazdil, R., Kundzewicz, Z. W., Europe in the Past

Benito, G., Hydrological Millennium, pp. 121-166.)
Sciences Journal, 2006)
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Dekadové Cetnosti vyskytu silnych vétru odvozené z dokumentarnich

pramenu v ¢eskych zemich v letech 1500-1999 (T1 - hulava, T2 - tornado,
T22 — pravdépodobné tornado, T3 — silny vitr, T4 - vichfice, TS5 — orkan)



“Windstorm of the 18th century” - 20-21 December 1740

Type of damage

81 A2 @3 O4

Type of damage: 1 — forests, 2 — forests and buildings, 3 — buildings, 4 — without
detailed specification



Vichrice 19. stoleti — 7. prosince 1868

Type of damage: 1 — forests, 2 — forests and buildings, 3 — buildings, 4 — other
types of damage (dolozeno 27 obéti a 38 tézce zranénych, Skody v lesich - 8 mil.
m3 dfeva) (Brazdil et al., I[JC, 2017)
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(decagrams per 100 square Paris inches) and wind direction (arrows) on 7
December 1868 at the Prague-Klementinum station (data after Hornstein and

Murmann, 1869; wind directions are also given for hours with wind pressures of
Zero)
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Analyses of meteorological variables calculated from 20CR over the eastern Atlantic-European area
on 7 December 1868: (a) and (c) MSLP (hPa, black contours), wind speed (m.s", shaded) and wind
direction (vectors); (c) and (d) MSLP (hPa, black contours), equivalent potential temperature (theta-
e; °C, shaded), air temperature (°C, blue contours), and 1000-500 hPa temperature difference (°C);
(a) and (b) 06 h UTC (07 CET); (c) and (d) 12 h UTC (13 CET)



Forest damage (103 m3)
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Distribution of forest damage (m? of wood) arising out of the 7 December 1868
windstorm over the territory of the Czech Lands, based on data recorded by individual
forest districts. The windstorm damaged at least 8 million m? of timber, which is
arguably more than has been lost to any single similar event in the Czech Lands



Tornadoes in the Czech Lands
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Fluctuations in the frequency of tornadoes (1 — proved, 2 — probable) and tornado
days in the Czech Lands in AD 1801-2017: a) individual years, b) decadal values
(Brazdil et al., Theor. Appl. Climatol., 2019)



proven tornado

® probable tornado
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Tornada v Ceskych zemich: (a) 16.—18. stoleti; (b) 19. stoleti; (c) 20. stoleti; (d)
2001-2010
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Fluctuations in the numbers of hailstorm days in the summer half-year
compiled from documentary evidence and systematic meteorological
observations in South Moravia during the 18th—21st centuries: 1 -
documentary data, 2 — meteorological data, 3 — overlap of documentary

and meteorological data. Smoothed by Gaussian filter for 10 items
(Brazdil et al., Clim. Res., 2016)

Linear trend 1925-2015: —0.05 days/10 years



a) 20 June 1848 b) 1 July 1902

c) 10 July 1902

0 15 30 60 km

Locations of places affected by outstandingly damaging hailstorms in South
Moravia: a) 20 June 1848, b) 1 July 1902, c) 10 July 1902, d) 19 July 1903



5.7 Rekonstrukce prizemniho tlakového pole

Monthly SLP maps including the direction of advection (Wanner et al. 1994)
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Examples of reconstructed mean monthly sea-level pressure charts in the

Atlantic-Furopean region (left — Luterbacher et al., 1999, right — Jones et
al.. 1987). Black arrows — advection of cold air, white arrows — advection

of warm air



n
] %:J‘_;L]
3N
OH
5 TH

34N

514

4BH

45N

42H

38H

kL

25 oW 150 10 o a

Central European extreme winters, 1500-2000, T reconstructed from doc. evidence

temp DJFTE0T
Luterbacher et al. Temperature

temp DJF1834
Luterbocher et al. Temperature

4BN

45N

oW ZoW oW oW BW 1

-12 -2 - -3 3 [ k]

—_ —
5E 1E 15 ME 25 X

temp DJF1993
Luterbacher et al. Temperature

48N

450

Luterbacher et al.

1989
2000
1990
1975
1998

[ ]

IMGE

~J
—
= !

N
[ 4

.s —

p. A

temp DJFI1585
Luterbocher et al. Temperature

e

1753/18/:0

T
temp DJF1830

Luterbacher et al. Temperature

4BN

45N

W

temp DJFI963
Luterbocher et al. Temperature

4BN

45N

—yy

-12

5E I0E 15E 20E

-8 -k -3 3 L] kl

25[

12

—yy

-12 -5 -k -3 3 6 kl 1z 12

3.06
3.06
3.31
3.34
3.46

-4.69
-4.49
-4.46
-4.33
-4.21



5.8 Dokumentarni data a modelovani klimatu
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Historical reconstruction of the winter temperature deviation during the Late
Maunder Minimum 1675-1710 vs. 1550-1800 (Luterbacher et al., 2004). The
hatching - proportion of described variance (> 40, 70 and 90 %)
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The climate model ECHO-G simulation of the winter temperature deviation
during the Late Maunder Minimum 1675-1710 vs. 1550-1800 (von Storch et al.,
2004). The hatching - the risk for rejection the null hypothesis of no change (10,

5and 1 %)
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Comparison of temperature reconstructions
with model simulations

Stockholm January-April air temperature

2.4 LWMSRS09(Scaling) ERIK1 ERIK2
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2 Y o deviations from 1829-1929 mean
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year

- does not produce a trend comparable to reconstructions: the
trend is forced by external factors

- forced simulations produce a trend comparable to the reconstructions
- warm decades around 1730 are not reproduced by forced simulations, even taking

uncertainties into account: large regional unforced variability
(Zorita et al., 2010)



Central European air temperature: reconstructions and simulations
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year
- simulations tend to display larger differences w.r.t. the 20th century mean

- summer: there is a discernible similarity between reconstructions and both model

simulations
- winter: there is no such allurement, but both simulation also disagree, indicating that

internal variations are more important (Zorita et al., 2010)
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