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Abstract
Drought directly and indirectly affects the entire socio-economic and environmental sectors in southwestern Germany. Such
impacts are a result of the drought hazard and an underlying vulnerability of the systems. With respect to climate change and the
dynamics of vulnerability over time, it becomes crucial to investigate the preceding components, in order to understand possible
future magnitudes of the hazard and drivers of drought impacts. Therefore, drought indices were generated from the early
nineteenth century in order to identify exceptional meteorological summer droughts. Documentary evidence and historical yield
statistics were used to contextualise historical drought events by drought impacts and responses. Considering both, selected
summer drought events were analysed and mutually compared based on the impact on society and ecology, as well as societal
responses to these. The derived standardised indices highlight differences between severe droughts in duration and temporal
peculiarity and put into perspective the current understanding of the intensity of recent drought hazards. The discourse analysis
reveals that the propagation of drought and the kinds of impacts have remained rather similar through time, only shifting to
modern livelihood assets. However, vulnerability, which strongly depends on the societal contexts, has changed over time and
lowered severity of impacts, especially with regard to food and water supply, as well as human health.
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Introduction

Droughts can cause severe impacts on economic, social and
environmental systems (Stahl et al. 2016). These impacts are
driven by the combination of drought as a hazard and the
underlying vulnerability of social-ecological system of

interest itself (Blauhut et al. 2016). In order to reduce future
drought impacts and to foster today’s drought risk manage-
ment, it is essential to understand the drivers of past drought
impacts (Van Lanen et al. 2016; Kreibich et al. 2019).

The hazard of drought is a complex phenomenon that gen-
erally results from a lack of precipitation and/or an increased
evapotranspiration, which can propagate through the hydro-
logical cycle. Accordingly, meteorological drought precedes
soil moisture drought, which precedes hydrological drought as
a frame for reduced stream flow, groundwater levels, lakes
and ponds (Wilhite and Glantz 1985; Van Loon 2015;
Wilhite and Pulwarty 2017). Beyond the hazard, vulnerability
to drought typically characterises the social, political, techno-
logical and cultural contexts of the systems investigated (De
Stefano et al. 2015; González Tánago et al. 2016; Blauhut
et al. 2016).

To characterise the hazard, drought research developed a
wealth of different drought indices (Zargar et al. 2011). In
order to identify larger-scale changes of drought, the majority
of studies investigate trends since the 1950s (e.g. Sheffield
et al. 2012; Orlowsky and Seneviratne 2013; Spinoni et al.
2015). Only a few consider longer instrumental time series
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(e.g. Andreadis et al. 2005; Dai 2011). Nevertheless,
Hannaford et al. (2013) showed that the length of the study
period and the point of time of investigation have a strong
influence on detected strengths and directions of trends. The
application of a longer time series will lower the risk of
underestimating future events (Benestad 2003).

Comparably, little is known about temporal changes in
vulnerability and exposure to drought, which is mainly
due to a lack of consistent data (Kreibich et al. 2019).
To substitute for the lack of information, drought impacts
can be applied as a proxy for past vulnerability (Blauhut
et al. 2015a). To establish a long time series of drought
impact data documentary evidence, like annals, town
chronicles, public announcements, newspaper and official
reports, can be used as drought relevant sources (Gil-
Guirado et al. 2016; Stahl et al. 2016; Brázdil et al. 2018).
Furthermore, a growing number of studies are using long-
term precipitation data alongside documentary evidence in
order to better understand past drought events. Noone
et al. (2017) developed a 250-year historic drought cata-
logue for Ireland, using reconstructed precipitation series
from 1765 and documentary evidence (mainly newspa-
pers) to gain insight into the socio-economic impacts of
drought events. Brázdil et al. (2013) reconstructed
drought in the Czech Lands from 1090 to 2012, also using
instrumental data and documentary evidence. Nash et al.
(2019) identified drought events in southeast Africa in-
cluding newspapers, colonial and missionary materials.

Nevertheless, databases which pool textual information on
past drought conditions and impact are scarce. Thus, Stahl
et al. (2016) developed the European Drought Impact report
Inventory (EDII) database which pools and categories report-
ed information on drought impacts in Europe since 1900. The
EDII focuses on the negative environmental, economic or
social effects experienced under drought conditions. The col-
laborative virtual research environment tambora.org provides
original text quotations on climate events such as droughts,
floods and other climatic information since 1000 A.D., along
with their societal impacts and responses (Glaser et al. 2015).

Considering collected drought impact information of the
EDII, Baden-Württemberg has been impacted by drought for
a variety of sectors, showing a comparably high drought risk
for the hydrological sectors of energy and industry, public
water supply and water quality (Blauhut and Stahl 2018).
However, the applied time series only extend back to the
1970s.

Climate change projections show Baden-Württemberg in
an area of uncertain predictability of how climate change will
have an impact (Stagge et al. 2015). Regional investigation
claims drier and warmer summers with an accordingly higher
likelihood of drought occurrence (KLIWA 2009). Since clear
statements on eventual trends remain questionable, the impor-
tance of analysing past conditions becomes evident.

A number of studies have begun to examine and evaluate
the linkage of drought indicators with drought impacts (e.g.
Bachmair et al. 2016; Blauhut et al. 2015a). However, few
studies have investigated the change of impacts and responses
through time (Kreibich et al. 2019). The objective of this study
is to characterise historical summer drought events by quanti-
fying the intensity of the hazard, assessing related past drought
impacts and human responses, and to evaluate the societal
contextualisation within southwestern Germany, i.e. modern
Baden-Württemberg. In essence, the underlying vulnerabil-
ities of the time are discussed as possible drivers of the dy-
namic character of drought impact and response occurrence.

Data and methods

In Fig. 1, the underlying methodological concept is outlined.
A combination of quantitative and qualitative approaches was
used to enhance the understanding of drought hazard and their
impacts and responses within southwestern Germany, the
modern state of Baden-Württemberg.

Previous studies have suggested that analysis of the
drought hazard should be linked with an assessment of
vulnerability and vice versa (e.g. De Stefano et al. 2015;
Glaser et al. 2018). Accordingly, instrumental records had
been used to derive drought indices and to identify the
most extreme drought events since 1800. Precipitation
deficit triggers meteorological drought which can propa-
gate to soil moisture and hydrological drought (e.g.
Wilhite and Pulwarty 2017; Van Loon 2015). Hence, the
major focus of drought hazard analysis is on precipitation,
but summer heat wave effects are attributed from temper-
ature information. Documentary and socio-economic sta-
tistical data were used to analyse drought impacts and
societal responses.

Drought hazard

Monthly precipitation and temperature records

Drought occurrence, here defined as severity of precipitation
shortfalls, is analysed based on a selection of long-term pre-
cipitation records across Baden-Württemberg. Table 1 gives
further information on the historical measurement stations.
The selected stations have monthly precipitation records that
cover the temporal extent between the beginning of the nine-
teenth century until the year 2018 (some exceptions), (b) cover
the study area spatially and (c) contain only a few missing
values. Historical records stem from the Historical
Instrumental Climatological Surface Time Series Of The
Greater Alpine Region-Project (HISTALP, Auer et al. 2007),
which processed and homogenised long-term climate time
series datasets for the Greater Alpine Region. Five stations:
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Freiburg im Br., Rheinstetten, Ulm-Giengen, Stuttgart-
Schnarrenberg and Konstanz-Meersburg-Friedrichshafen
were selected (the last is a composition of three stations).
Where available, monthly temperature averages were also se-
lected. The datasets cover a time period from the year 1801
until 2015. For the purpose of this paper, the time series were
updated until the year 2018, where possible, using data from
the Deutscher Wetterdienst (DWD).

Drought indices

Awealth of nearly 150 different drought indices exists, which
reflects the variety in drought definitions (Zargar et al. 2011).
The most prominent and WMO recommended drought index
is the Standardised Precipitation Index (SPI, McKee et al.
1993; Guttman 1999; Lloyd-Hughes and Saunders 2002;
Svoboda et al. 2012; Spinoni et al. 2015). The SPI relies only
on monthly precipitation data, which makes it ideal for study-
ing droughts in the past, where data availability is one of the
limiting factors. The SPI can be applied for different time
scales and therefore be used to reflect meteorological, soil
moisture and hydrological drought anomalies.

The computation of the SPI was performed using the R
Package “SPEI” (Version 1.7) from Beguería and Vicente-
Serrano (2013), using the gamma distribution to define the
relationship of probability to precipitation. Parameter fitting
was based on unbiased probability weighted moments. Values

below zero indicate dry periods, and values above indicate wet
periods. To indicate long-term changes in drought frequency
and intensity, the reference period was set to the longest avail-
able duration at all stations 1870–2010. The SPI was then
calculated for the accumulation periods 3, 6, 9 and 12 months.

Focusing on summer droughts, accumulation periods for dif-
ferent times of the year were selected to cover the warmest sum-
mer month, main growing season, vegetation period and the
annual average (SPI-3 for August, SPI-6 for September, SPI-9
for October, and SPI-12 for December). The SPI was classified
according to the US drought monitor (National Drought
Mitigation Center 2018): D4 = exceptional drought with SPI
values below − 2. D3 = extreme drought with SPI from − 1.6 to
− 1.99, D2 = severe drought with from SPI − 1.3 to − 1.59, D1 =
moderate drought with SPI from− 0.8 to− 1.29. D0 stands for an
abnormally dry period with values between − 0.5 and − 0.79.

In order to identify possible heat wave effects on summer
droughts, the Standardised Temperature Index (STI) for the
accumulation period of 3 months (June to August) was calcu-
lated following the same procedure.

Drought impacts and responses

Documentary sources

Early historical drought events are evaluated on the basis of
contemporary documents, in particular town chronicles,

Table 1 The locations and time spans of long-term monthly precipitation and temperature records used in this study. – no data available. Dataset:
Histalp (Historical Instrumental Climatological Surface Time Series of the Greater Alpine Region, Auer et al. 2007)

Precipitation Temperature

Name Acr. x (°E) y (°N) Altitude (m) Beginn End Beginn End

Rheinstetten-Karlsruhe RH 8.29 48.96 118 1801 2018a 1801 2018a

Stuttgart-Schnarrenberg ST 9.20 48.83 314 1807 2018a 1807 2018a

Ulm-Giengen UL 9.95 48.38 567 1822 2013 1868 2010

Freiburg im Breisgau FR 7.83 48.00 300 1870 2018a 1870 2018a

Konstanz-Meersburg-Friedrichshafen KO 9.18 47.67 443 1827 2012 – –

a Updated with data from the DWD (Deutsche Wetterdienst)

Fig. 1 Methodological
framework
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annals, diaries and newspaper reports (e.g. Freiburger Zeitung
1834a, 1834b,1834c, 1834d ; Pfaff 1846; Badische Neueste
Nachrichten 1947a, 1947b, 1949a, 1949b; Dürr 1986; Nees
and Kehrer 2002), as available in the collaborative Historical
Climate and Environmental Database tambora.org. In
addition, public announcements, governmental reports,
annual harvest and weather reports were used, including
quantitative data such as population development, crop
yields or pricing (e.g. Württembergisches Jahrbuch für
Statistik und Landeskunde 1830; Borcherdt et al. 1989). For
the more recent events from the twentieth century onwards, an
increasingly wide range of information can be drawn upon,
including reports from the Allied Control Council, scientific
papers and reports of non-governmental agencies. The rising
variety of sources is accompanied by an increasing diversity in
media sources such as film documentaries, photos and inter-
views with contemporary witnesses. Furthermore, drought
impacts and its responses since the 1970s are complemented
by information of the EDII (Stahl et al. 2016).

Discursive assessment of drought impacts and responses

The likelihood of drought impact occurrence, drought
risk, is in a very general sense, a function of the hazard
and the underlying vulnerability of the systems of interest
(Blauhut et al. 2016). Hereby, the definition of vulnera-
bility to drought and its components depends on different
criteria, but, basically includes components of exposure,
sensitivity and adaptive capacity (González Tánago et al.
2016). Accordingly, reported drought impacts can be
treated as proxy of past hazard and vulnerable conditions
(Blauhut et al. 2015a). For this study, the risk concept is
regarded as a pathway in which drought hazards cause
negative socio-economic and environmental impacts as
well as societal responses and adaptation measures. The
event-specific occurrence of these variables reveal
society’s resilience to drought and the changing complex-
ity of societies during the industrialisation, the modern
period and the specific post war situation.

While hazard characteristics can be evaluated on the basis
of the instrumental records, aspects of drought impacts and
corresponding human responses can be derived e.g. fromwrit-
ten documents, photos and other information. The given in-
formation was assessed on the basis of hermeneutic principles
of critical source analysis (Glaser 2013). Further aspects of
vulnerability, such as political situation and population distri-
bution, are gathered from historical context. Following a dis-
cursive assessment, the diverse descriptive sources regarding
the impacts and responses are summarised in a generalised
impact and responses matrix. Finally, the selected drought
events are contrasted in a comparative table, characterising
event-specific hazard, impact and societal responses.

Results

Severe drought events in southwestern Germany

An overview of major summer drought events in southwest-
ern Germany since 1800, characterised by different accumu-
lation periods of SPI, is given in Fig. 2. A trend of a general
increase or decrease of drought event occurrence over the
period of investigation is not identifiable. Nevertheless, clus-
ters of increased incidence of severe drought events between
1830 and 1842, 1860’s, 1920s, 1945 and 1960, and from 2003
onwards, are evident. In contrast, 1800–1830, 1845–1855 and
1965–2000 show only few drought events.

For the analysis, droughts that were categorised as D3 or
D4 droughts at more than two locations and more than two
accumulation periods were selected. According to these
criteria, the following drought event years were identified:
1832, 1834, 1842, 1865, 1884, 1887, 1911, 1919, 1921,
1923, 1928, 1947, 1949, 1964, 1991, 2003, 2015 and 2018.
In order to limit the amount of events for analysis, we chose
case study events for certain historical and political phases.
The 1834 event was selected for the phase of early
industrialisation in Germany. The year 1865, marked by an
exceptional drought, was selected as an event where
Germany’s industrialisation was at a high point. During the
Weimar republic (designation for the German state from 1918
to 1933), the 1921 drought was selected. For the post-war-
situation after the WorldWar II, the years 1947 and 1949 were
selected as case studies. As more recent drought events 2003
and 2018 were chosen for analysis.

Table 2 lists the top five drought events per station in terms
of their SPI value per accumulation time scale. Because of the
different lengths of the precipitation time series, the top five
events cannot necessarily be compared (Table 1).
Nevertheless, from the data in Fig. 2 and Table 2, it is apparent
that the summer, the vegetation period and the annual average
of 1949 were exceptionally dry. The summers of 2003 (in FR)
and 2018 (RH, FR) are also among the top five droughts.
Considering a 6-month accumulation time scale, the summer
half-years of 1834 (UL, ST, KO), 1865 (RH, KO), 1947 (FR),
2003 (RH) and 2018 (RH, FR) are listed as top five events. In
the years 1921 (UL, ST), 1947 (FR), 1949 (UL, ST, KO, FR)
and 2018 (FR), the vegetation period was also one of the driest
in Baden-Württemberg since 1800. On an accumulation peri-
od of 12 months, the years 1834 (ST), 1865 (ST, KO), 1921
(UL, ST, RH), 1949 (UL, KO, FR) were marked as top five
events.

The drought impact and responses matrix

The diversity of drought impacts and corresponding responses
in the study area is summarised in a generalised manner in
Fig. 3. The matrix is derived from contextual content of the
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original quotations and documents, which have been
categorised into impacts and responses to the sectors of ecol-
ogy, health, economy, governance and societal situation. It
therefore can be regarded as a checklist for the discourse anal-
ysis. It comprises the initial climatic stressors of the hazard,
such as a lack of rainfall and high temperature, which can
propagate to a soil water deficit and hydrological drought
(Wilhite 2000). Drought impacts mainly occur for the sectors
of ecology, food security, human health and economy, where-
as the majority of responses are documented for the sectors of
governance and society.

Selected drought events

Drought events during the industrialisation

The drought event of 1834 was classified as a D2 to D4 drought
for all investigated sites on the SPI accumulation periods 6
(Sep), 9 (October) and 12 (December) (Fig. 2). The instrumen-
tal records are underlined by textual evidence, where rich and
high-quality grape harvest and low water levels were docu-
mented (Pfaff 1846). Furthermore, written sources near Lake
Constance report poor hay and potato harvests due to drought.

Due to the drought-induced shortage of livestock feed and
straw, the Royal Ministry of Finance near Stuttgart ordered that
the grass in the state forests should also be used as fodder
(Freiburger Zeitung 1834a, b). In Upper Swabia, livestock
was reported to be extremely cheap and hay extremely expen-
sive (Freiburger Zeitung 1834b). As impacts of hydrological
drought, some stream mills stood completely still (Freiburger
Zeitung 1834c), hydropower stations (e.g. sawmills) suffered
financial losses due to a lack of stream flow (Freiburger Zeitung
1834d), the water level of Lake Constance was lower than any
inhabitant had ever seen before, and many springs were
completely dried up. Mice and locust plagues had occurred in
the neighbouring region of Frankfurt and surroundings.
Furthermore great hardship because of the drought was
reported, as well as the lack of water for hygiene, washing
and cleaning. The few wells, still having water, had been beset
by people around the clock (Nees and Kehrer 2002).

During the drought of 1865, strong impacts on the sectors
of agriculture, forestry and industrial production, which were
still largely dependent on water and hydro energy, were re-
ported. The lack of food in 1865 led to malnutrition, but
thanks to the improved infrastructure, larger-scale, partly even
international food imports, could be organised to lower the
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Fig. 2 Drought development on different time-scales for measuring sta-
tions in Baden-Württemberg (UL: Ulm-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
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impact (Dürr 1986). The organisation of soup kitchens, col-
lections and fundraisings also reached a new height. The threat
of epidemics was tackled by filtering the water or disinfecting
houses, but in some areas, limited hygiene caused epidemic
breakouts such as cholera. The casualties had to be buried in
mass graves (Nees and Kehrer 2002).

Drought of 1921 during the Weimar Republic

According to the SPI accumulation period of 12 months, the
year 1921 stands out as an exceptional drought. Only consid-
ering the SPI-3 from August reveals that the summer was
mainly classified as abnormally dry to moderate dry (Fig. 2).
The agrarian and forestry impacts, as well as the hydrological
impacts, followed the typical propagation of early
blossoming, early ripening and harvesting, harvest failures,
dried-up wells and springs. Low water levels in major rivers
had been reported and forest fires had occurred. Smaller vil-
lages which run out of water had to be supported via water
tankers. The inadequate water supply peaked in the beginning
of August, where authorities imposed water usage restrictions.
People suffered from heat stress and heat strokes. Plagues of
mice and flies appeared and worsened the situation (Nees and
Kehrer 2002). In comparison, the mitigation of drought im-
pacts of 1921 did not differ much from the examples of the
nineteenth century. However, political changes resulted in a

lower vulnerability to the hazard. Better governance in the
sense of organisational structure, advanced technical capabil-
ities, improved medical support, faster communication and an
increased infrastructure, led to an increased resilience.
Nevertheless, the degree of reduced vulnerability at the begin-
ning of the twentieth century was limited by the burdens and
reparations of the aftermath of the First World War.

Droughts of 1947 and 1949 in Post-War Germany

The years after World War II were marked by two subsequent
extreme drought events in 1947 and 1949 (Fig. 2). Regarding
the lack of precipitation, the year 1949 was more extreme than
1947. In contrast, the documented impacts of the drought of
1947, which was called the “steppe summer”, were much
worse (Fig. 4, Badische Neueste Nachrichten 1947a), not least
because of the previous extremely cold winter of 1946/47,
named the “hunger-winter”. In addition, the drought occurred
at a time when the population of Germany was dealing with
the consequences of World War II: a lack of housing,
destroyed infrastructure, lack of workers, millions of
displaced people and refugees (Badisches Ministerium der
Finanzen 1948).

The lack of rain led to large-scale agricultural losses.
However, unusual regional differences, due to the lack of fer-
tilizer and different cultivation techniques were reported. In

Table 2 Top five drought events per station in terms of their SPI
(Standardised Precipitation Index) value per accumulation time scale.
Stations: UL: Ulm-Giengen, ST: Stuttgart-Schnarrenberg, RH:

Rheinstetten, KO: Konstanz-Meersburg-Friedrichshafen, FR: Freiburg
im Breisgau). Selected case studies are in italics (for more information
on the stations see Table 1)

Acc. period Year of occurrences Station SPI value

3 months (Jun–Aug) 1949, 1923, 1911, 1962, 1842 UL − 3.94, − 2.81, − 2.61, − 2.49, − 2.30
1923, 1952, 1949, 1964, 1911 ST − 2.69, − 2.48, − 2.27, − 2.05, − 1.89
1983, 1949, 1846, 2018, 1818 RH − 3.08, − 2.65, − 2.52, − 2.36, − 2.24
1949, 1899, 1904, 1952, 1832 KO − 3.58, − 2.66, − 2.32, − 2.16, − 2.14
1949, 2018, 2003, 1964, 1923 FR − 3.08, − 2.54, − 2.27, − 2.17, − 2.03

6 months (Mar–Sep) 1842, 1928, 1834, 1923, 1911 UL − 3.79, − 2.87, − 2.83, − 2.73, − 2.66
1919, 1923, 1834, 1911, 1928 ST − 2.55, − 2.07, − 1.98, − 1.98, − 1.98
2018, 1865, 1893, 1859, 2015 RH − 2.48, − 2.28, − 2.13, − 2.06, − 2.06
1870, 1832, 1834, 2003, 1865 KO − 2.95, − 2.91, − 2.55, − 2.37, − 2.27
1947, 1884, 1870, 2018, 1919 FR − 2.95, − 2.79, − 2.34, − 2.19, − 2.14

9 months (Feb–Oct) 1842, 1832, 1863, 1949, 1921 UL − 3.60, − 2.98, − 2.91, − 2.58, − 2.51

1919, 1921, 2015, 1949, 1991 ST − 2.56, − 2.45, − 2.27, − 2.19, − 2.16

2018, 2015, 1959, 1991, 1971 RH − 3.12, − 2.82, − 2.50, − 2.47, − 2.40

1832, 1949, 1870, 1943, 1887 KO − 3.51, − 2.82, − 2.25, − 2.13, − 2.12
1884, 2018, 1949, 1947, 1893 FR − 2.96, − 2.53, − 2.43, − 2.16, − 1.94

12 months (Jan–Dec) 1842, 1863, 1921, 1949, 1832 UL − 3.41, − 3.28, − 2.68, − 2.54, − 2.48
1921, 1865, 1842, 1884, 1834 ST − 2.73, − 2.64, − 2.03, − 1.95, − 1.89

1864, 1959, 1971, 1842, 1921 RH − 2.99, − 2.48, − 2.40, − 2.36, − 2.16
1832, 1887, 1865, 1949, 1857 KO − 3.44, − 2.73, − 2.69, − 2.53, − 2.29
1884, 1949, 1893, 1883, 1953 FR − 2.81, − 2.03, − 2.00, − 1.98, − 1.98
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addition, pests appeared in many places. Forest damage arose,
particularly on spruces due to small growths and pests (Bender
1948; Geiger 1951). The drought favoured the ignition of fires
in forest, meadow and moorland areas. Groundwater levels
dropped in many places, springs dried up, many streams and
larger tributaries carried little or no water at all. Hunger stones
became visible in the river Rhine; a plethora of fish died.
Shipping on the Middle Rhine and on the Danube was tem-
porarily suspended. On the sandy soils of the Upper Rhine
region, the strong winds led to dust plagues and to deep and
extensive dry cracks in the soil (Deutscher Wetterdienst in der
US-Zone 1947; Nees and Kehrer 2002). Water-operated mills
and sawmills stood still. Southwestern German hydropower
plants had to cut down on their operations significantly; the
power supply was regionally shut down and drastic cuts in
power consumption were imposed. This resulted in extensive
plant shutdowns and severe production losses. Finally, drink-
ing water became scarce and health problems were reported
(Heyn 1981). Settlements of higher altitudes did not receive
water for weeks; water had to be transported several
kilometres by wagons. Individual adaptation strategies includ-
ed relocating (foraging trips), bartering and black marketing,
as well as stealing food. The Allied Control Council reacted to
the lack of water in the hydroelectric power plants by rationing
food and power supplies as well as by cancelling trains, while
labour productivity also declined (Badische Neueste
Nachrichten 1947b). People started to protest against the

restrictive food supply and it was not until the end of the year
1947 that food imports were allowed again. School meals
were then organised and the respective occupying powers be-
gan providing relief supplies (Deutscher Wetterdienst in der
US-Zone 1947).

In the summer 1949 (SPI-3 for August), an exceptional
drought occurred throughout the whole state (Fig. 2). Also,
the vegetation period from February to October (SPI-9 for
October) was classified as an exceptional drought event.
Table 2 shows that the summer, the vegetation period and
the whole year are listed among the top five drought events,
considering a timeframe of 150 to 200 years. The impacts
followed the same “classical” pathway: The lack of rainfall
led to a significant drop in harvest and lack of fodder for
livestock (Badische Neueste Nachrichten 1949a)—especially
regions with sandy soils had been affected. Large dust veils
had been reported, as well as plagues of mice and potato
beetles (Nees and Kehrer 2002), sinking groundwater level
(Badische Neueste Nachrichten 1949b) and forest damages
arose (Baumgartner 1950). In contrast to the impacts of the
drought event in 1947, no malnutrition and hunger were doc-
umented in 1949.

The mentioned years acted as a catalyst for innovations. In
the medium term, the establishment of teaching and food gar-
dens was meant to buffer the latent lack of food. After the dry
year of 1949, the concept of the regional water supply pipeline
systems, based on Lake Constance, was discussed for the first

Fig. 3 Matrix of drought impacts and responses in southwestern Germany derived from contextual content of the original quotations and documents
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time. In the following year (1950), a study-Commission for
water supply had been established and in 1953, the planning
commission was started.

The summer of 2003 and its unexpected impact

As shown in Fig. 2 (STI), the drought of 2003 was strength-
ened by a lasting heat wave over the summer months. The
hazard hit a relative resilient, socio-politically stable society
with high financial resources, good governance, political

stability and very advanced technical capabilities. The scenar-
io set in motion by the heat and drought initially followed the
typical pattern of reduced agricultural production, but in con-
trast to previous drought events, no food supply problems or
hunger occurred. However, bark beetles proliferated massive-
ly, severely damaging the forests. Large river systems suffered
such an extreme low flow that historical hunger stones
reappeared, while even smaller streams dried up completely.
The low water levels affected shipping, as well as the cooling
of power plants, which in turn had to reduce their production.

Fig. 4 Compilation of major drought hazard years in southwestern
Germany since 1800 and their impacts and responses. M:
Meteorological drought hazard for the stations Ulm-Giengen (top),

Stuttgart-Schnarrenberg, Rheinstetten, Konstanz-Meersburg-
Friedrichshafen, Freiburg im Breisgau (bottom); S: soil moisture drought;
H: Hydrological drought.
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Although groundwater levels dropped in many places and
springs and wells dried up, water supply was never threatened
and water withdrawal was only restricted in some places. At
the same time, the tourist and leisure industries posted record
sales. This summer, however, had its own unexpected and
dismal record of 35,000 to 70,000 heat-related deaths in
Europe, including 7000 in Germany (Koppe and Jendritzky
2014). Casualties occurred especially in larger cities, and
mainly among the elderly, infants and persons suffering from
cardiovascular diseases and care-dependent people. While
technical and economic resilience was particularly strong,
the event exposes the particular social vulnerability of an age-
ing and increasingly isolated and more segregated society.
This accelerated the establishment of the Heat Warning
Service by the German Weather Service in 2005.

2018—The most recent drought record with economic
impacts

The summer half-year of 2018 is ranked as a top five event in
FR and RH (Table 2). The reported impacts followed the
“classical” pathway (Fig. 4). The hydrological impacts can
be summarised with low water levels of the major river sys-
tems, and partly dry falling of their contributors. Accordingly,
low hydropower production and impaired industrial produc-
tion was reported all over the state. Low flow at the Rhine led
to a pause in ferry transportation and impaired water-borne
transportation, which as a secondary impact led to increased
energy prices in autumn. Furthermore, nuclear power stations
had to lower production or shut down and groundwater levels
all over the state dropped to critical levels. High water tem-
peratures in combination with lowwater levels have led to fish
kill. In contrast to the nineteenth century situations, the official
water supply was not considered critical, since only small self-
supplying communities had to restrict water supply. Driven by
the heat, some highways had been affected by concrete blow
ups, causing delays due to following speed limits. No water-
borne diseases or hygiene problems were reported, but there
had also been concerns and reports about the effects of heat
stress on working capacities and productivity, and an overall
increase in accidents.

The consequences of the drought of 2018 for agriculture
were similar to those of previous years of drought. Apart from
an above-average harvest of fruits, reduced crop and root crop
productions and even full failures were reported. Livestock
was sold because of a shortage of fodder and an increase of
prices, leading to a drop of market prices for meat. The
German Federal Ministry for food and agriculture (2018) de-
clared the drought of the year 2018 as a “weather phenomenon
of national dimension” and guaranteed subsidies of up to 340
million euro for farmers with a harvest reduction of 30% or
more. Ecological impacts also followed the general setting: an
earliness of all phenological phases—blossom, ripening and

harvest dates—and an early defoliation of the deciduous for-
ests in autumn. Some regions suffered from forest fires. Forest
damage was estimated to be at least 5.4 billion Euros (
Arbeitsgemeinschaft Deutscher Waldbesitzerverbände 2018).

The drought of 2018 showed a shift of public awareness
towards droughts. Especially economic impacts, e.g. rising
prices for agricultural products and energy, came along with
discussions and debates about subsidies and public financial
support especially for the agricultural sector.

Summary of the effects and feedbacks of extreme
drought events

The synthesis in Fig. 4 shows the visual compilation of differ-
ent SPIs, characterising summer drought, and corresponding
parameters of reported impacts and responses for selected
drought events. As can be seen, the effects on ecology did
not differ in the severe droughts from 1800 onwards.
Significant differences arise however in the hunger and
health-related aspects. This was relevant in the nineteenth
century as well as in the special situations of 1947/49.

The social reactions, such as riots, religious rites or emigra-
tion, clearly point to the different features and vulnerabilities
of societies in the nineteenth century. On account of global
integration and technical developments, hunger and hygiene
aspects are no longer an issue for the 2003 and 2018 droughts
but are replaced by new social discourses and developments.
New vulnerabilities emerged in 2003 when the issues of age-
ing and insufficient social integration led to many casualties.
In 2018, a strong focus was set on ecological issues but also on
financial support and protection of the farmers and forest
owners who were particularly affected.

The development towards a smart society, from the era
of industrialisation, to post-war Germany and our recent
modern society gradually changed vulnerability to
drought in southwestern Germany. Possible drivers are a
higher scientific understanding of natural phenomena, a
better infrastructure with new channels, railways, commu-
nication with telegraphs, national and international trade,
new institutions and data availability, as well as a better
organisation of societies. While the agrarian societies
were more dependent upon food supply, and the direct
effect of success and failure, the discourse of modern
and resilient societies is much more related to the eco-
nomic consequences and the options of pricing, subsidies
and public finance support.

In summary, this analysis shows that the major drought
and heat events are quite different in their social re-
sponses, while the classical, definition-based pathways
of meteorological, hydrological and agricultural droughts
are very similar. Bridging the gap over time and thus
different social structures and systems demonstrates the
dynamics of vulnerabilities and resilience.

Changing impacts and societal responses to drought in southwestern Germany since 1800 2319



Discussion

Long-term drought hazards revisited

The reconstruction of drought indices until 1800 revealed the
years between 1855 and 1870, to be the period with driest
summers on record in southwestern Germany. The 1865 event
occurred on a large scale and has been confirmed by several
central-European regional studies with similar temporal reso-
lution investigating droughts in the same timeframe, e.g. for
Czech Republic (1805–2012) (Brázdil et al. 2013), the Alpine
regions (~ 1800–2012) van der Schrier et al. 2007; Haslinger
et al. 2018) and for Ireland (1765–2015) (Noone et al. 2017).
Furthermore, Glaser et al. (2017) showed that the heat and the
harvest failure of 1865, which resulted in increased prices
during the subsequent years, lead to a migration peak from
the German Southwest to Northern America.

On a shorter timescale, the herein identified exceptional
summer drought events have also been detected by other au-
thors. Briffa et al. (1994) studied summer moisture variability
across Europe between the years 1892 to 1991 based on the
PDSI. They found that the summer of 1921 was the most
extreme summer in Europe, considering the spatial extent of
severe drought conditions. Cook et al. (2015) made the same
findings using tree-ring reconstructed summer wetness and
dryness over Europe. As early as 1922, Brooks and
Gkasspoole (1922) investigated the 1921 drought in Britain
and found it to be one of the most extreme droughts that had
occurred in Britain since the nineteenth century. The study of
van der Schrier et al. (2007) reveals that in some parts of the
Alpine region, the winter 1921/1922 belongs to the three dri-
est summers in this region (regarding moisture variability be-
tween 1800 and 2003). Haslinger et al. (2018) rank 1921
among the top five droughts on a 12-month accumulation
scale. Investigating hydrological drought characteristics,
Brázdil et al. (2016) demonstrated that the 1947 drought event
was one of the most severe events since 1880s in the Czech
lands, which led to a wide range of socio-economic conse-
quences and far-reaching political responses. The European
Drought Reference Database (Stagge et al. 2013) then high-
lights the 1975/76 European drought as a major event during
the period of 1958–2009, which could not be confirmed by
this investigation on summer droughts. Nevertheless, the 2003
summer drought has been detected as well. Haslinger et al.
(2018) ranks 2003 among the top five droughts on a 6-month
accumulation scale. Spinoni et al. (2015) investigated macro-
regional drought events at global scale with a reference period
of 1952–2016. For northern Europe, only the 1959 event and
the “2003 heat wave drought” are classified as extreme
drought events. According to the State Institute for the
Environment, Measurements and Nature Conservation
Baden-Württemberg (Landesanstalt für Umwelt, Messungen
und Naturschutz Baden-Württemberg 2019), the 2018

extreme drought year with major precipitation deficit over
the vegetation period was accompanied by 3 weeks of heat.
Nevertheless, the record level of > 40 °C in 2003 was not
reached. Due to preceding low reservoirs of 2017, themajority
of streams but also groundwater levels felt on low flow.

In summary, we argue that the analysis of long time series
for southwestern Germany picked up extreme drought events
of larger scale, which have been identified by other authors.
Nevertheless, a ranking of drought events by intensity is
heavily dependent on the time series available. The longer
the time series, the more the recent “extremes” have been
relativised. However, extreme drought identification is also
depending on the drought indices applied. Here, the choice
of SPI generally enables comparability to other studies, but
the choice of focusing on summer drought events narrows
potential interfaces. Thus, frequency and intensity of drought
events might change due to period of the year investigated.
Furthermore, the spatial resolution is of strong importance as
well. Extreme events affect larger scales, but regional drought
hazard intensity differs due to regional characteristics, such as
hydrogeology, elevation and land use. To fully understand
drought events, and to rank their intensity, additional informa-
tion on past drought impacts is of need.

Potential drivers of drought impacts and responses
over time

The multi-proxy approach used in this study involves quanti-
tative and qualitative procedures and is positioned at the inter-
face of natural sciences and humanities. It should contribute to
the systemic understanding of the drought-environment-
human relationship (van Dijk et al. 2013). Comparable ap-
proaches with a similar intention were presented and success-
fully implemented by Nash et al. (2019), Klein et al. (2018)
and Glaser et al. (2018). The reference to risk approaches and
discourse analysis was helpful in identifying impacts and re-
sponses and presenting them via pathways.

The complexity of the information as well as the density of
data increases over time. Types of documentary evidence
sources and their character are also changing with time. As a
result, the more recent drought events, especially from 1950
onward, can be analysed in a more differentiated way than the
older ones. In order to be able to compare the drought events,
however, reference was made to the target values of food
security and health. All parameters related to these targets,
such as harvest results, population and price developments
are available as numerical records in the investigation period,
so that they can be quantitatively evaluated.

The perception and discourses within society also have an
influence on what is documented as a drought impact.
Environmental impacts are not a novelty of more recent
drought events. Public perception has gradually shifted
towards a better ecological understanding, considering that

M. Erfurt et al.2320



droughts in southern Germany are not a threat for human
livelihood with respect to food security and water supply
anymore. The increased reporting of ecological impacts for
recent droughts has also been observed by Blauhut et al.
(2015b) at the European scale and might be attributed to major
legislative changes (e.g. national water management plans or
the water frame directive), which increased public and gov-
ernmental recognition. Furthermore, better monitoring net-
works, reporting strategies and public interaction likely en-
hanced the number of reported ecological impacts.

Conclusions

The reconstruction of summer drought events revealed that
drought has been a recurring event in southwestern Germany
over the past 200 years. However, the occurrence and severity
of corresponding impacts is not necessarily related to intensity
of the drought hazard, but also to the vulnerability of the soci-
ety. Droughts in southwestern Germany, as reported in textual
documents, cause impacts on ecology, economy, health, gover-
nance and social behaviour. The hydrological and agricultural
impacts of drought remain the same over the centuries. By
contrast, the impacts on societies and the societal responses to
drought vary significantly with time depending on the structure,
organisation and assets of the individuals and groups.

Considering the climate change debate, this study provides
valuable input into the understanding of the magnitudes of
historical drought hazards, on how changes in vulnerability
stimulate the intensity and occurrence of impacts, and on
how human responses can lower the impacts of drought.
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