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Dieses Jar ist ein gut herrlich Jahr an allen Friichten gewesen, mehr dirr denn
feucht und hat der Wein die Wochen nach Walpurgis [1.5.] geblihet und vor Mathai
[Matthaus 21.9.] hat man ihn abgelesen, ist an allen orthen weit u. breit ein solcher
guter Wein gewachsen, . ...und war von Stund an so schon und lauter worden ....
der Eymer hat golten 2 auf 3 fl. und ist immerzu warm herbst wetter gewechs bis
auf andtre. Obwohl das Getreidt wie auch andere friichten wohl gerathen, ist,es
dennoch theuer gewesen, hat das Malter Korn 8 fl. der Dinckel 5 fl. und der Elabern
3 fl. gegolten. Ist aber nur ein geitz Teuerung gewesen und noch vom neudf geld

her gerdirt..



Drought 1540

A

A.C. 1540 war der durre Sommer / davon die Alten viel zu sagen
gewust / dal3 es in siebenzehen Wochen keinen Grund Regen
gethan / unnd alle Morgen ein nasser Thaw die Friicht des
Erdbodens allein erquicket: Es wuchs ein

uberaus guter/susser/kdstlicher und starcker Wein in allen Landen /
dergleichen bey Menschen Gedechtnil? vor nie geschehen / der war
auch sehr wolfeil im kauff / zu Kitzingen unnd anderswo galt ein
Mal3 dieses Weins drey Pfennige / ein Fuder zwo6lff und funffzehen
Gulden. Zu Beyreuth im Voidland hat man ein Mal3 Wassers umb

vier Pfennige / und ein Mal? Weins umb 3 Pfennige kaufft / daf3 also

Image source: http://www.deutscheweine.de.

das Wasser aus mangel thewrer gewesen als der Wein.

(Source: Tambora, 1D:21464)
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Examples of Sources of the Drought 1540

Source Description Thermal ric

ID:9208 hats offt in drey Monaten nicht geregnet

ID:21503 Dirr Sommer. Vom Mertzen an bi auf den 28 July wenig schir gar nit gerenngt

ID:11705 sind fast alle Brunnen im Gebirge versiegen

ID:11705 die Elbe/Saal und Eger konnte man durchwaden

ID:20837 Ubermalig hitziger Sommer 1
ganz heisser Sommer. An vielen Orten haben Menschen und Vieh grossen

1D:21398 Mangel an Brunnen und Wasser gehabt 2 -2
1540 entziindeten sich bei einer groRen Dirre (es hatte 19 Wochen lang nicht

1D:21412 geregnet) die Walder

1D:21429 war ain ganntz haisser vnd durrer sommer, also das es in langer zei nit regnet 2 -2
durre Sommer/ davon die Alten viel zu sagen gewust/ dal3 es in siebszehn

ID:21464 Wochen keinen Grund Regen gethan

ID:21397 Der Sommer dieses Jars ist der nammhafftiger durre und hitz 1 -1

ID:21426 Heilder Sommer 1

ID:21428 heisse Sommer fangt an warm zu weden umd Fasnacht den 8 February 2

ID:21448 was ein vast haisser vnd diirrer sommer, also das es inn langer zeit nitregnet 1 -2

ID:21478 heilRer Sommer, dal alles versiegte 1

ID:1395  heisser Sommer 1

ID:21427 haisser und dirrer Somme 1 -1
noch groRere Hitze. Die Fliisse vertrockneten, die Walder entbrannten. Der
Rhein trocknete so sehr ein, da3 man im Gelderlande durch selben waten

ID21522  konnte. 2

1D:21495 warmer Sommer 0

1D:21449 Der Sommer dieses Jahres war sehr heil3 und dirr 2 -1

ID:21430 heil3en Sommers 1

ID:21543 heisen Sommer 1

7-scale Indices

extremly hot: 3 l -3 extremly dry

very hot: 2 -2: very dry
x
<)
'g Hot: 1 i dry
<
£ Normal: 0 0: Normal
(¢}
<
= Cold: -1 1 humid
very cold: -2 2: very humid
extremly cold: -3 3: extremly humid
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Impacts of droughts 1540

1
Agriculture and livestock farming

)

Impacts of drought 1540

4 7 11 14
Energy Public Soil i 12 Human health
and industry water supply System wildfires  4hd public safety
31 11 10 15
5 10
Waterborne Terrestrial
transportation ecosystems

n=110
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Steppensommer ,Steppesummer” 1947

Der heiBe Atem der Diirre liegt tiber den mitteleuropaischen Flachlandgebieten. Hygric Index
Monatelang brannte die Sonne unbarmherzig hernieder und versengte alle Friichte der l

Erde, mit denen Mitteleuropa mehr denn je rechnete, den Hunger der Massen zu stillen. 3 extremly dy
In Danemark wir das Vieh zu 25 Prozent und mehr abgeschlachtet. Auch Norwegen -2: very dry
mul} mit einem einschneidenden Notabbau seiner Viehbestande rechnen. Frankreich 1 dry

kann seine Viehbestdnde mit den geringen eingebrachten Rauhfuttervorraten so wenig

liberwintern wie Belgien oder die Schweiz. Portugal meldet eine Missernte. Am 0: Normal
schlimmsten aber sind die Auswirkungen der Durre in Stiddeutschland und im Abstand 1 humid
gesehen in verschiedenen Gebieten Nordwest Deutschlands. Lediglich in Sid-

Wiirttemberg, Hohenzollern und im hohen Schwarzwald waren Heu-, Getreide- und 2:very humid
Grummeternte normal. In Stidbaden feil die Heuernte bis zu 50 Prozent aus. Der 3: extremly humid

Heuertrag ist bereits bis zu einem Viertel verfittert. Das Vieh muss bis zu 50 Prozent
abgestoRen werden. Ob der siidbadische Bauer seine Viehbestande ohne staatliche

Subvention Gberhaupt wieder aufzubauen vermag, ist mehr als zweifelhatft.

(Quelle: Tambora, 1D:110898, Passauer Neue Presse Tagesausgabe vom 03.10.1947)
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Drought 1947 ,Hungerstones”

“‘Hungersteine”

Das
Bundesarchiv

UNI

O
[
=2
Q@
w
o
T




Heatstress and Drought 2003
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2018 — newspapers and reports

rn l.lfr I ‘m Finf FOLGEN DER HITZEWELLE
%ﬂﬂs‘: :JEtEalEr EE%!SELg Waldbesitzer befiirchten

Trockenheit 16st zwei Flichenbriande aus  »Jahrhundertkatastrophe”

AKTUALISIERT Ak D3 08.2018 - Déckd

AKTUALIMIERT AM 250720018 - 0821

TROCKENHEIT IN HESSEN SCHOME BESCHERUMNG!

Feuerwehr gerit bei Grobrand selbst in So sehr setzt die Durre den
Gefahr Weihnachtsbaumen zu

AKTUALISIERT AM 030T.201E - 1920 AKTUALISIERT AM 05082018 - DB:L&

EIN BAUER ERKLART

,Das wird hier bald Wiiste®

VOM JAN GROSSARTH - AKTUALISIERT AM 15072018 - 1&13

HITZE UND TROCKENHEIT

Hessens Bauern furchten um ihre Ernte

AKTUALISIERT AM 18072018 - 1X00

HITZE UND TROCKENHEIT

SCHLECHTE ERNTEPROGNOSEN _ Die Angst vor dem Jahrtausendsommer
DIE GEtI'EIdepI.EISe StElgen VON ANDREAS FREY - AKTUALISIERT AM 30072018 - 14233

AKTUALISIERT AM 03082018 - 1O:E§
BRITIZH OPEM

Die Durre setzt den Golfern zu

VON WOLFGAMG SCHEFFLER , CARMDUSTIE - AKTUALISIERT AM 19072018 - D84S

HITZE TRIFFT KARTOFFELERNTE

-Es wird von Tag zu Tag kritischer”

AKTUALISIERT AM 29072018 - 11:06 =
HITZE ZERSTORT ERMTE

Bauern wollen eine Milliarde wegen Diirre zZy

ik 9

AKTUALISIERT AM 30072018 - 0XE2
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Categories

edii/e09 freshwater ecosystems
dii/e05 waterborne transportation
edii/e04 energy&industry
edii/e07 water supply

edii/el0 terrestrial ecosystems
edii

edii/e14 human health&safety
edii/e12 wildfires

edii/e08 water quality

edii/e06 tourismé&recreation
edii/el1 soil system

edii/el5: conflicts

edii/e03 aquaculture&fisheries
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artseite » Grln » Alexander Gerst fotografiert vertrocknetes Deutschland von oben - zeigt den Klimawandel

GRUN

Mit diesem Foto zeigt
Alexander Gerst aus dem
Weltall, wie Deutschland
vertrocknet

% Alexander Gerst &
@Astro_Alex

Konnte eben die ersten Bilder von Mitteleuropa und
Deutschland bei Tag machen, nach mehreren Wochen von
Nacht-Uberfliigen. Schockierender Anblick. Alles vertrocknet
und braun, was eigentlich griin sein sollte. #Horizons

23:29 - 6. Aug. 2018

Q) 6.700 () 3.023 Nutzer sprechen dariiber

Social Media
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Research Design
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Data integration and workflow: tambora.org

publication of data Byl 3

incl. DOI

200 y :z 0.3165x - 28.036
‘ ] R?=0.5194
(20 [21 |22 |23,
= -2t p—
| =time series
1709 war der grosse Winter, der in die - syweather pattern
gedauret, und seines gleichen seit [...] - - e . ‘ | - . .
gehabt. [...] Den 6. Januar erhob sich ¢| | utjme cdiie e ” =circulation modes
J zu einer ausserordentlichen Strenge, d | 7 : =societal reactions
: allwo bey einigem Nachlai e| | *location
ee fiel [...]. Es hat dieser h -Climatological and
a unsaglichen Schaden ge : :
ind hier und dar, auch so gari| env_lronmental aljld analySIS
dere haben Nasen, Ohren, | Societal information : :
J. C. (1749): Pagus Neletici et NUAICToder calibration
diplomatisch-historische Beschreibung des ; :
ses [...].- Halle: Emanuel Schneider. derlvathn Of
: Indices
coding of
O events
transcrlptlon O
s -
critical source >
search  analysis Z

sources



Long-Term Reconstructions

From written documents to indices:

[Kitzingen] A.C. 1540 was Time Location Content
a dry summer, no rain for
seventeen weeks * Summer 1540 + Kitzingen + Climatological
» 17 weeks info.
* Impact on
society

7-scale Indices S
Derivation of

extremly hot: 3 -3: extremly dry indices
¢ very hot: 2 -2: very dry - * Thermal
3 - * Hygric
£ Hot: 1 -1:dry =
© O
£ =
> Normal: 0 0: Normal o
@
= -
Cold: -1 1: humid
very cold: -2 2: very humid
extremly cold: -3 3: extremly humid
e
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www.tambora.org

Search About Contact Login

A Home » Home Welcome! Please sign up

Funded by

UFG

Welcome to

" A L A A A L | - -
1000 1100 1200 1300 1400 1500 1600 1700 1800 1500 2000
year

the climate and environmental history collaborative research database

Color scheme | Boxes | Notices | Table scheme | Logos scheme

UNI

Riemann D, Glaser R, Kahle M, Vogt S: The CRE tambora.org — new data and tools for collaborative research
in climate and environmental history Geoscience Data Journal, 2016: http://dx.doi.org/10.1002/gd|3.30

FREIBUR



http://dx.doi.org/10.1002/gdj3.30

Spatial distribution of information in tambora.org for Central Europe since AD 1500
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Glaser R, Kahle M, Hologa R: The tambora.org data series edition Freidok, 2016: 1: Zﬂ
= T

http://dx.doi.org/10.6094/tambora.org/2016/seriesnotes.pdf (download: https://freidok.uni-
freiburg.de/fedora/objects/freidok:11541/datastreams/FILE1/content) 16



2. Analysis
Drought Types: Definitions

Natural Climate Variability

High temperature, high
winds,low relative humidity,

greater sunshine, |less cloud cover
I |
Reduced infiltration, runoff,
deep percolation, and
ground water recharge

Precipitation deficiency
(amount, intensity, timing)

Increased evaporation and Meteorological
transpiration Drought

Soil water deficiency

1 Agricultural
Plant water stress, Drought
reduced biomass and
yield
| N M e e o o o o o
Reduced streamflow, inflow to .
. Hydrological
reservoires, lakes, and ponds, reduced Drought
wetlands, wildlife habitat 8
_—— _I_ _________ NS S
‘ Reduced Groundwater levels Groundwater
I Drought
| | Socioeconomic
Economic impacts Social Impacts Environmental Impacts o
drought [
=2
2]
(Source: National Drought Mitigation Center, University of Nebraska-Lincoln, U.S.A and Bernhofer, C., Hansel, S., Schaller, A. & Pluntke, T. (2015): _EE_
Charakterisierung von meteorologischer Trockenheit Untersuchungen zur Erfassung und Charakterisierung von meteorologischer Trockenheit. Schriftenreihe des DE

Landesamtes fur Umwelt, modified)
17



Drought development on different time-scales for measuring stations in Baden-

Wirttemberg since AD1800

uL
ST |
RH
FR

RH III 1' ‘II | | |

A L s

1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Year
Drought Category (SPI)

no Drought DO0:-05t0-0.7 D1-08to-12 1 D2-13to-1.5 0 D3-16t0-1.9 l D4 -2 or less

(UL: UIm-Giengen, ST: Stuttgart-Schnarrenberg, RH: Rheinstetten, KO: Konstanz-Meersburg-Friedrichshafen, FR: Freiburg im
Breisgau). The y-axis shows the Standardised Precipitation Index (SPI) values for different accumulation periods. SPI values are
coded according to severity thresholds shown in the legend. The STI (Standardised Temperature Index) value is shown for an
accumulation period of 3 months for August. Database: Histalp (Historical Instrumental Climatological Surface Time Series of the
Greater Alpine Region, Auer et al. 2007) and DWD (Deutsche Wetterdienst)

Erfurt M, Glaser R, Blauhut V: Changing impacts and societal responses to drought in southwestern Germany
since 1800 Regional Environmental Change, 2019: 1-13

STI
p |
-2024
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https://link.springer.com/article/10.1007/s10113-019-01522-7#CR3

Matrix of drought impacts and responses in southwestern Germany derived
from contextual content of the original quotations and documents - pathways

I |
| o Meteorological drought Soil moisture drought Hydrological drought |
| E . precipitation deficit . soil water deficit . low flow |
| e  high temperature + low water levels in streams, |
| I ¢ increased evapotranspiration lakes, ponds, groundwater |
- - - o e _______
- = -
~ ~_ ~
G Earliness of phenological 'J_: Hygiene problems; E Crop failure; earliness of harvest; shortage of fodder; early
O periods; - outbreak of diseases; O slaughtering; rapid sales; change in working processes;
6' lack of feed for terrestrial ﬁ epidemics; g loss of earnings in agriculture and forestry; damage to
o § wildife; T plagues; O silviculture;
5 insect plagues; food scarcity and crisis; economy crisis; poverty; economic failure and collapse;
E fish kill; algae bloom; food substitution; price fluctuations; price speculations;
s impaired water quality; hunger,; energy shortages (water power plants; cooling water; water
- drying up of perrenial streams; malnutrition; mills); ,blow ups®;
drying cracks; starvation; industrial production: reduction and lossen;
dust storms; heatstress; dehydration; shortage in public water supply; impaired navigability of streams;
forest fires increased mortality rate increased number of fires (cities, fields, forests)
Fish rescue (relocation, oxygen Awareness campaigns Water transfer and supply management; compensation schemes;
enrichment); water transfer; subsidies; abatement of taxes and dues; assurances; fodder
import pesticides; restrictions trading and exchange market; import of food, energy; irrigation
% W Management; conventions and comissions; new orders, laws P Foraging trips; begging; bartering and black marketing;
Z = and by-laws: calamity fonds = increase in irrational explanatwcns. believes and interpretation;
Q < technical advancement and measures; support of science; < riots and protests; stealing food; plundering and robbing;
§ & institutionalisation (e.g. establishment of early waming system, E societal excesses; _
© > disaster control): @ | long term memory®, ,hungerstones”, memorial tablet;
8 moral suasions and appeals; I commemoration days; papers; media; public awareness;
emergency exemptions; rationing; bans; restrictions; declaration 8 religious rites; intercessions; processions; pilgrimages;
of state of emergency ¢ Mmigration

UNI

Erfurt M, Glaser R, Blauhut V: Changing impacts and societal responses to drought in southwestern Germany
since 1800 Regional Environmental Change, 2019: 1-13 19
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Drought Severity Classification System

Category

DO

D1

D2

Description

Abnormally
Dry

Moderate
Drought

Severe
Drought

Extreme
Drought

Exceptional
Drought

Possible Impacts

Going into drought:

short-term dryness slowing planting, growth of

crops or pastures

Coming out of drought

some lingering water deficits

pastures or crops not fully recovered

Some damage to crops, pastures
Streams, reservoirs, or wells low, some water
shortages developing or imminent

Voluntary water-use restrictions requested

Crop or pasture losses likely
Water shortages common

Water restrictions imposed

Major crop/pasture losses
Widespread water shortages or restrictions

Exceptional and widespread crop/pasture losses

= Shortages of water in reservoirs, streams, and

wells creating water emergencies

Palmer Drought

CPC Soil

Severity Index

Moisture Model

USGS Weekly

Standardized

(PDsSI)

-1.0t0-1.9

-20t0-29

-3.0t0-3.9

40to-4.9

-5.0 or less

(Percentiles)

211030

11to 20

61010

(Source: U.S. Drought Monitor: http://droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx)

Streamflow

Precipitation Index

(Percentiles)

211030

11to 20

61010

(SPI)

-0.5t0-0.7

-0.8t0-1.2

-1.3t0-1.5

-16t0-1.9

-2.0 or less

21

Objective Drought
Indicator Blends

(Percentiles)

211030

11to 20

61010
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Synopsis of recent SPI, drought categories, duration, recent descriptions and the HPI as

well as the description of the historical consequences and impacts

SP| Drought- Duration|Recent descriptions of the  |HP Historical descriptions of effects and
months |effects and consequences as o duration
categories well as the duration (Historical
Precipitztion
Index)
-0.1to- almost normal  |1-2 short-term dryness Oto-1.5 low rainfall heat and drought,
0.00 (slight dryness) (HPI1,HPI2) |possible first consequences for
(SPIL, Do agriculture and vields
SPI2)
-10to- | moderate 1-2 meteorological drought: ene 1.3 to -2.3 lower crop fmpact oh man crops,
149 drought to two months drier than (HPI1.HPI2) |falures i rzim-sensitive horticultural
{SPIL, us1zl products and hay,
5PI2) ol better wine quality
-15to- | severs drought [2-4 agricultural drought: two 23t -43 crop losses on main crops, emergency
189 months and longer dry, crop  ((HPI2 - HPI4)  |slaughter for lack of food,
{SPIZ- D2 losses prematurity phenclogical phases,
SPI4) drying up springs, low water levels,
mill arrest,
forest fires, problems with water
supply, heat deaths, measurss of the
zuthorities, price meorezses, hunger,
religtous rites
extreme 4-10  [hydrological drought: from |45 to -12 crop failures, emergency
drought four months, groundwater (HP14 - HP110) |slzughtermgs,
znd level affected strong premature phenclogicel phases
03 forest fires, fish dymg, algzl blooms,
soil erosion
drying of springs and wells, low water
levels of large rivers, inger stones,
heat deaths, epidemics, price
mcreases and speculation,
meazures of the authorities
hunger, religious rites, mcreasing
wrationzl explanations
-30to- SO =10 socio-sconomic drought: -12 to -36 ..beggmg, moving shout, szzrching
4.0 from one vear, water shortzge ((HPIL0 - for food, food substitution, robbery,
{SPIL0- ordinary slows down producing HPI12) plunder, murder, emigration and
SPI12) drought SCONCINY emigration, socizl excesses
(Century-
04

events)

The modern SPI1-SPI12 was calculated from the
official precipitation values for Germany 1881 -
2018 (Tab.1, first column). The drought categories
and the characterization of the droughts as well as
the duration and the description of the
consequences were taken over from the scheme of
the DWD (DWD 2018).

Glaser, R. and Kahle, M.: Reconstructions of
Droughts in Germany since 1500, Clim. Past
Discuss., https://doi.org/10.5194/cp-2019-104, in
review, 2019.
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Month

Monthly precipitation index (Pl) for Central Europe AD 1500-2018
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Glaser, R. and Kahle, M.: Reconstructions of Droughts in Germany since 1500, Clim. Past Discuss.,
https://doi.org/10.5194/cp-2019-104, in review, 2019.
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Strength and shape of the relationship between SPI and HPI (historical

precipitation index) 1881-1996
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The derivation of the historical
precipitation index (HPI) from
the monthly precipitation
indices (PI) - including the
positive deviations - is
analogous to the SPI as the
sum of the corresponding
number of months of the
period 1881-1996.

The results show a very high
correlation of 0.65 to 0.74
between SPI and HPI!

Glaser, R. and Kahle, M.: Reconstructions
of Droughts in Germany since 1500, Clim.
Past Discuss., https://doi.org/10.5194/cp-

2019-104, in review, 2019.
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Duration and scale factors of the relationship between SPI and HPI

If one compares the
accumulated values,
then a factor
dependent on the
number of months
results.

Slope

The calculation of the
HPI class limits is
done from the SPI
class limits according
to the formula:

/ slope = 1.053- months®®®' 12 =0.999

-

| : : : : : HPI; = SPI; - i

25 5.0 75 10.0 12.5
Months
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Glaser, R. and Kahle, M.: Reconstructions of Droughts in Germany since 1500, Clim. Past Discuss.,
https://doi.org/10.5194/cp-2019-104, in review, 2019. -



Historical SPI13, SPI6 and SPI12 for Germany since 1500
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Glaser, R. and Kahle, M.: Reconstructions of Droughts in Germany since 1500, Clim. Past Discuss.,

https://doi.org/10.5194/cp-2019-104, in review, 2019. 6



Historical Humidity Index (HHI) for Germany from 1500

month
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To include not only dryness and drought aspects humidity has also taken into 3
account for the analysis by including the positive hygric indices as a Historical 2
Wet Index (HWI). Its derivation was analogous to the class boundaries of the S —
drought categories. The dominating effects of the HDI and the HWI are gg

combined into the Historical Humidity Index (HHI).
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Thermal Indices for Central Europe since
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Combination of hygric and thermal indices
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Glaser, R. and Kahle, M.: Reconstructions of Droughts in Germany since 1500, Clim. Past Discuss., Sk
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3. Results

The written sources on which the analysis are based and the derived seven-
step monthly precipitation indices (PI) allow differentiated statements about the
development of dryness and droughts in Germany since 1500.

The consequences and impacts on the environment and societies can also be
reconstructed very well.

The source material enables in particular to derive pathways from drought
events to the consequences and impacts onto societies. These are very
strongly coupled with the intensity and duration of the precipitation deficiency.
The agrarian, then the hydrological and finally the socio-economic
consequences are presented in a progressing cascade.

The societal conceptualisation was quite different, revealing the resilience of
the different societies.

The comprehensive data collections in tambora.org also enable to identify
outstanding events of the centuries likewise 1540, 1503 and 1534; 1615 and
1616, the striking sequence 1630-1635, 1669 and 1684, 1718 and 1719, 1832,
1834, 1842, 1865 and 1893, 1921, 1947, 1949, 1959, 1976, 2003 and 2018.

The reconstructed SPI for Germany from 1500 onward show high variability on
the one hand, and more or less stationarity in the long-term perspective on the
other. However, variability is slightly higher in the first 150 years, while it has
been reduced over the last 100 years.
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