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What is Environmental History?

Environmental history is currently ‘one of the most productive and innovative fields 
of historical research’.1 A child of the ecological movement in the 1970s, it grew with the 
expansion of public awareness and practice of environmental issues. Whereas in 1985 an 
overview of the field could still have been obtained within a single summer, two decades 
later more than a hundred summers would have been needed.2 Though the first attempt 
to establish a European Society for Environmental History (ESEH) on the model of the 
American Society for Environmental History (ASEH) in the United States failed in 1989, 
a second initiative in 2001 was successful. Other umbrella associations were created 
at a regional level during subsequent years, and in 2009, they were integrated into an 
International Consortium of Environmental History Organizations (ICEHO) to foster 
communication on a global level.

In general terms, environmental history investigates the interactions between man’s 
natural environment and human societies on the basis of anthropogenic sources (those 
created by human activity). In this respect environmental historians need to take 
account of the work of natural scientists, who have the same objective but make use of 
different evidence. It is only since the 1970s that social scientists and historians have rec-
ognized that natural events could either cause or result from human actions. The fun-
damental change involved is evident from Wolfram Siemann’s argument that, from a 
twenty-first century perspective, the environment needs to be regarded as a fourth fun-
damental category of human history, on an equal level with governance, economy, and 
culture. Indeed, every human action depends on biological preconditions, while control 
over crucial natural resources such as water, productive land, and energy is essential 
for the exercise of power. In a similar way, strong interconnections are recognized to 
exist between the environment, the economy, and culture.3 There is hardly any subject 
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that cannot be investigated from an environmental perspective, though the field still 
lacks a clear thematic and methodical profile.4 Most studies explore the ways in which 
local people dealt with environmental problems over a small number of years. There 
are, however, important exceptions. Some surveys such as Joachim Radkau’s Nature and 
Power5 are global in scope. Others, such as Ian Simmon’s Environmental History of Great 
Britain6 stretch back in time over the last 10,000 years. John L. Brooke is the first envi-
ronmental historian to draw a global picture of the material history of humankind in 
relationship with climate and earth history and even over the long geological period 
from the Palaeolithic to present. But, of course, he is not able to get close enough to grasp 
the meaning of events for historical agents.7 The economic historian. Reinhold Reith has 
written the first environmental history of early modern central Europe.8 A recent con-
cise volume of essays edited by the same author provides a useful survey over the many 
facets of environmental history.9

This present chapter first examines current knowledge about environmental history. 
It then surveys how weather and climate have been and are being studied. Finally, the 
results of this research are assessed.

Agrarian Societies and their 
Environments

Most environments in early modern Europe—with the exception of remote forests, 
swamps, and high mountain areas—were modified in such a way that human labour 
had effectively eliminated the natural variety of habitats or areas of previously uni-
form environmental conditions (known as ‘biotopes’) in favour of a small number of 
crops, mainly cereals which were ‘artificial bio-converters produced and reproduced by 
humans’.10 Keeping and breeding livestock fed on grass, acorns, leaves, and so on, and 
then slaughtering them for meat, allowed humans to consume biomass (organic mat-
ter) that would otherwise be indigestible for them. On the other hand, domestic animals 
needed to be tended and fed, and often required human protection to survive.11 This led 
Marina Fischer-Kowalski to coin the term ‘colonization of natural systems’ to describe 
the process underway. This colonization occurred in a multiplicity of ways, depending 
on local circumstances and available technical skills.12 It also involved systematically 
persecuting, harrying, and destroying animals identified as harmful, such as birds of 
prey, otters, wolves, bears, lynxes, and foxes.13

The notion of social metabolism was employed by Rolf Peter Sieferle and his 
co-authors in order to establish systematic perspectives which would describe the inter-
actions of agrarian societies with their environment. The concept of metabolism had first 
been developed from the 1860s in biology, where it stands for the totality of exchange 
processes between a cell and its environment. Over the last forty years its meaning has 
been expanded to encompass the exchange processes between society and its natural 
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environment that are labelled social metabolism. They primarily entail production, 
consumption, technology, and population.14 The organization of social–metabolic pro-
cesses differs over time as well as according to the local environment and to the prevail-
ing culture. Cultures are self-organizing communicative systems among humans. They 
follow their own internal momentum rather than being primarily tailored to adapt to 
external stimuli from the natural environment.15

The amount of energy available and its sources are essential both for conditions 
within societies and for their exchange with the environment.16 Breaking down the 
economic–ecological history of the northern hemisphere according to the key energy 
source of society permits a distinction to be made between a period of hunter-gatherers, 
a period of agricultural society based on biomass production, a period of indus-
trial society based on coal, and a period of consumer society based on petroleum and 
natural gas.17

From this perspective, traditional agriculture should be understood as an 
economic–ecological system powered through photosynthesis by the sun’s energy. 
Photosynthesis is used by green plants to convert solar energy into biomass that may 
then be used to fuel living organisms. The sun’s energy that falls on a given surface is 
relatively small and limited, albeit infinitely renewable.18

Fields, meadows, and woodlands produced the lion’s share of the plant biomass on 
which early modern people depended for their existence. Fields and meadows pro-
vided food, fodder for the cattle, and raw materials, such as leather, horns, and wool, 
for the trades which dominated textile production. Working on the land, whether as 
a wealthy ‘full time’ farmer or as a poor cottager depending on additional sources of 
income, provided a livelihood for 80 to 90 per cent of households. Cultivated land was 
the focal point of social logic: it provided the most important means of production, the 
safest known investment, the most productive source of taxation, the only source of 
security for society. Land ownership evolved to become the index of social status and 
political power. Early modern farming was labour intensive and unproductive in mon-
etary terms compared to the modern fossil-fuel based industrial agriculture. ‘The most 
important crops were annual. After harvest they constituted an energy stock that was 
then largely consumed during the subsequent year. Other forms of solar energy such 
as wind and water power could not be stored. They had to be used in the moment when 
they became available’.19

Forests provided the largest source of energy available to agrarian societies. Wood 
provided most of the energy needed for cooking and heating. At the same time it was the 
fundamental material for building houses and ships, and making all kind of tools, vehi-
cles, and machines. Woodlands were also employed for other purposes such as growing 
crops, grazing cattle, collecting litter, and producing potash and charcoal.20 Charcoal 
became a fuel for iron-working. ‘Earlier generations of scholars tended to suggest that 
iron-working produced deforestation and hence the move to coal as the major fuel. The 
British historical ecologist Oliver Rackham, on the other hand, has adopted the contrary 
argument that it was largely agriculture which fragmented the woods and that ironmas-
ters were much in favour of the sustained production of charcoal, of which their chief 
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source was the coppice’. 21 Typically, a coppiced woodland is harvested in sections on a 
rotation. Young tree stems are repeatedly cut down to near ground level. In subsequent 
years, new shoots will emerge, and, after a number of years, the coppiced tree is ready to 
be harvested, and the cycle begins again. This regulated, sustainable way of iron produc-
tion is also found in the German Siegerland (North Rhine—Westphalia).22 Glass- and 
salt-works being large consumers of firewood caused the depletion of forest resources. 
The deforestation of the area around the salt mine in Lüneburg (Lower Saxony) led to 
the growth of heathland. In the Salzkammergut (Austria) a system of ductworks stretch-
ing over dozens of kilometres guided the brine to forests which exist to the present day.23

To a limited extent, certain fossil fuels were exploited regionally. Peat was a cheap 
source of energy mainly exploited in the Netherlands. Coal extracted locally from 
deposits close to the surface by strip mining was utilized in England, in parts of Germany 
and the Southern Netherlands mainly for lime-burning, brick-making, glass manufac-
ture, the production of salt, soap and alum, and in malting, brewing, and sugar refining. 
From the sixteenth century, coal was increasingly exported from the Tyne (North-East 
England) to London to meet the growing energy demands of the metropolis.24

One characteristic of pre-industrial societies was that materials were re-used rather 
than thrown away. Most metals were used over and over again, while in England there 
was a brisk market in second-hand garments and cloth. Paper was made from rags, ini-
tially of linen. All production depended on such re-use, with the result that the export of 
rags was forbidden in late seventeenth-century England.25

The amount of biomass that could be harvested was proportional to the surface of the 
cultivated area and required a correspondingly large workforce. Cultivation of plants 
usually provides more energy in the form of biomass than peasants needed for their 
subsistence. This surplus was appropriated by the ruling elites to support their own lives 
and to maintain the territorial administration.26 If the agricultural workforce was inad-
equate or exiguous, it was augmented by forced labour as was common in the regions 
east of the river Elbe.

‘The governmental apparatus, maintained by the surpluses of the peasant economy, 
was usually subdivided into three sectors:  military, urban administration and pub-
lic works sector, and the sphere of ritual and religion.’ It was normally concentrated 
in towns. ‘Foods and raw materials flowed into these centres to be processed and con-
sumed there. A number of service professions, wage workers, artists, doctors and trad-
ers, who formed the mass of the urban population, settled there to sustain the territorial 
authorities.’27 ‘Urban centres depended both on the resource flows from the countryside 
and the loyalty of the rural population. Consolidation of rule was only possible through 
concentration of power, but in the end the exercise of authority was tied to a decentrali-
sation of decision-making competence. In a sense a permanent flow of legitimacy from 
the centre to the provinces had to be organised, mirrored by a material return flow of 
resources in the form of taxes or tribute.’28

Plant biomass, as the most important energy source, was gathered from across a wide 
area. To be exploited by humans it needed to be accumulated, which required a signifi-
cant expenditure in transportation energy, taking into account the constraint that the 
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energy content of a cargo should always exceed the energy input required to transport it. 
Transportation costs varied greatly according to the method employed. Moving goods 
by sea was the cheapest. On canals, transport was three times more expensive, and over 
land—by carriage on bad roads—it was as much as nine times more expensive than by 
sea. These considerations placed regions situated close to the sea at an advantage, as peo-
ple could import bulk articles such as grain and timber at much lower cost than commu-
nities in landlocked areas.29 ‘Big cities could emerge only in the heart of rich agricultural 
zones or on rivers and coasts well served by cheap transport. Cities in temperate climates 
also made heavy demands on their hinterlands for fuel. According to the calculations of 
Canadian geographer Vaclav Smil, in the temperate latitudes of Europe or China a city 
needed to have reliable access to woodlands for fuel amounting to fifty times its own 
area.’30 For these reasons, the size of towns in landlocked areas was generally restricted. 
Rubbish in early modern towns was subject to laws and ordinances relating to the dis-
posal of human and animal waste. Sewage went into private cesspits but before long, 
these compromised other dwellings. Animal refuse was another major problem: there 
was dung and straw from stables (especially of inns), the corpses of semi-feral pigs and 
dogs, and refuse from butchers.31

Agrarian societies were far from being unchanging. Although the inflow of the 
sun’s energy flow was fixed, the efficiency with which it was utilized could usually 
be increased. On the one hand, this was a matter of improving irrigation methods 
and ploughing technology by using better methods of yoking horses together. On 
the other hand, parts of the cultivated land area within the cycle of the customary 
three-field system in central Europe were allowed to remain fallow every three years 
due to a lack of manure. Since the later Middle Ages, fallow land had served as a testing 
ground for innovations, initially for crops that naturally produced nitrogen such as 
legumes, then for new crops imported from the Americas from the sixteenth century 
onwards, that offered a higher nutritional return per unit of area, such as the potato in 
Europe north of the Alps and maize in the Mediterranean region. These innovations 
were connected to the new stage in globalization achieved though the discovery of 
the Americas. Early agricultural growth in England involved intensification through 
the introduction of forage crops such as the turnip (from around 1580) and clover 
(from around 1650), though the latter was only widely adopted after 1700. These pro-
vided food for the cattle which then contributed their dung to the fields. This meant 
among other things that there were fewer famines and so population growth was set 
to become constant. By 1700, crop yields had increased by about one-third upon their 
1400 level.32 In general, innovations expanded slowly and irregularly due to the short-
comings of the communications networks and the inherent constraints of the prevail-
ing agrarian regime.

As additional labour was needed to increase yields or cultivate more land, agrarian 
societies were not capable of sustaining per capita economic growth. Marginal returns 
declined in the absence of more productive technologies and so every economic upturn 
choked itself off after a time.33 This obstacle to growth was only removed through the 
access to abundant sources of fossil fuels from the late eighteenth century.
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In addition, regional and supra-regional trade networks were improved, facilitating 
exchange between surplus and deficit areas, for example the growth of grain exports 
from the Baltic to Western Europe which began in the sixteenth century. Substantial 
parts of Europe, such as the Pannonian Basin (southeastern central Europe, with its cen-
tre in Hungary), Poland and Russia were much less densely populated, which paved the 
way for immigration into these regions.

Agricultural change was primarily a response to population increase. Marginal lands 
were cultivated during periods of population growth, low wages, and high grain prices 
and were then abandoned when these trends were reversed. Reliable overviews of popu-
lation in early modern Europe prior to 1750 are scarce and fragmentary. More continu-
ous information is available for England, France, and the territorial area of ‘Germany’.34 
In the 1340s, on the eve of the Black Death, Europe’s population may have been as high 
as 75 million, but it took until 1750 to almost double to 140 million. The four centuries 
from 1350 to 1750 can be divided into climate-friendly phases of relatively rapid demo-
graphic growth such as 1500 to 1570 and 1700 to 1740 which were interrupted by setbacks 
through repeated waves of plague (1340 to 1450) and the ‘long seventeenth century’ 
which was a phase of climate- and war-related decline followed by recovery.35

To a certain extent, early modern society was able to adapt the capacity of its agri-
culture to dynamic population growth. A proportion of the population came to be pre-
vented from marrying at all, while a rise in the age of first marriage was evident and 
was important for the west European marriage pattern. By comparison with other cul-
tures, women married relatively late, not until their mid-20s, and this reduced both 
the period of possible fertility and the likely number of children. This pattern of late 
marriage was brought about by the scarcity of landholdings which could be transferred 
from one generation to the next. Sons and daughters from a propertied household had 
to wait patiently for the point at which the property or at least the running of the farm 
was handed over, while the lower classes had to save the means necessary to establish a 
household through an extended period of employment as servants. A substantial pro-
portion of Europe’s population never married at all. 36

Urban populations generally were so unhealthy that they could not reproduce fast 
enough to offset their mortality; they were sustained only by constant influx from the 
surrounding countryside. Cities were black holes for population until improvements 
in sanitation and disease control were developed, only about 100 to 120 years ago. 
The natural decrease (surplus of deaths over births) in London in 1750 was so great, 
that it alone cancelled half the natural increase of all of England.37

Agrarian societies were not entirely sustainable in the long run even though their 
system was powered only by solar energy. In addition to forest depletion, soil degrada-
tion, exacerbated by frequent heavy rainfall, tended to undermine its fertility. Whether 
improvements in soil management could outweigh these problems, is open to debate.38 
Systemic analyses like that of Rolf Peter Sieferle and his co-authors all but ignore that life 
in agricultural societies was hard and highly uncertain. The inherent lack of stability is, 
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on the one hand, related to the permanent threat of sudden death from epidemic dis-
ease. The experience of sudden death striking every age, every rank, men and women, 
infants and children through a handful of recurrent epidemics such as smallpox, typhus, 
dysentery, and plague was part of everyday life. On the other hand, the availability of 
plant biomass, fluvial transportation, wind and water power were highly volatile and 
unpredictable according to the character of the seasons. Harvest failures due to inclem-
ent weather were a high risk for early modern society, comparable to the threat of severe 
natural disasters for people today. They undermined the economic basis of the numeri-
cally preponderant lower social strata through a surge in food prices, plummeting real 
wages, unemployment, poverty, and hunger. The study of natural crises which over the 
past fifteen years has become an important dimension of environmental history, has 
convincingly demonstrated that nature, rather than being a benign mother, was often 
a source of disruption and disaster.39 This also relates to recent experiences of natural 
disasters such as the devastating Elbe flood of 2003, the terrifying tsunami of 2004, and 
the disaster of hurricane Katrina in 2005.

The Historical Study of Weather and 
Climate: The Roles of the Scientist and 

the Historian

Robust evidence that weather and climate have changed significantly over the last mil-
lennium, has been assembled by palaeo-climatologists and historical climatologists. 
Palaeo-climatologists are scientists who analyse data stored in what may be styled the 
‘Archives of Nature’, such as tree rings and ice cores. These data reveal changes in climate, 
usually temperatures, for periods extending over many centuries or even millennia. 
Climate stands for the statistical properties of climatic elements, usually temperature 
and precipitation in a given region over several decades. Historical climatologists are 
historians, geographers, and physicists interpreting documentary sources which sur-
vive in the ‘Archives of Society’ such as chronicles and weather diaries. Climate and 
climatic change cannot be experienced by our senses, in contrast to weather which is 
understood as atmospheric conditions over shorter time scales, ranging from days to 
seasons.40 There is thus a gap between the scale on which palaeo-climatologists produce 
information and that on which humans perceive atmospheric changes and respond 
to them. Compared to data from Archives of Nature, documentary sources have the 
advantage of shedding light on the interplay of different weather elements, such as tem-
perature, precipitation, snow-cover, cloud cover, and wind.

The objectives of palaeo-climatologists and historical climatologists are similar to the 
extent that both attempt to reconstruct climate for the period prior to the creation of 
national meteorological networks from the mid-nineteenth century. To that extent, data 
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from Archives of Nature and Society to some extent complement each other. Where 
documentary data are fragmentary or lacking, longer term temperature or precipita-
tion trends may be drawn from evidence contained in the Archive of Nature. In cases 
where it is important to establish the nature and severity of extreme conditions, doc-
umentary data are more differentiated and case-specific. Beyond reconstructions of 
climate, historical climatologists also study the history of rainfall and sunshine to inves-
tigate weather impact on time scales to which past societies were vulnerable, including 
short-term events such as killing frosts and devastating hailstorms. At the same time, 
extreme events and nature-induced disasters are foci for debates on, as well as social 
representations of, weather and climate. The article by Rudolf Brazdil and his co-authors 
provides an extended analysis and interpretation of documentary sources and their 
value and limitations.41

The study of the interaction of weather and society was central to historical clima-
tology in the 1970s and early 1980s. This is related to the interests of its two founding 
fathers. Emmanuel Le Roy Ladurie is a historian with a passion for studying weather 
and climate. His History of Climate since the Year 1000 was widely read and proved influ-
ential.42 The late Hubert Lamb was a climatologist with a passion for human history.43 
In 1979 he convened an international ‘Conference on Climate and History’ in Norwich 
(United Kingdom). This gathering provided an umbrella organization which brought 
together more than 250 historians, geographers, climatologists, and archaeologists who 
had until then worked more or less in isolation. The public debate about the global food 
crisis taking place at that time made it an opportune moment to consider the impact of 
climate in the past. From the early 1980s, when the ‘Green Revolution’ gained momen-
tum, famines disappeared from the headlines. At around the same time, the main-
stream of historians turned away from investigating the facts of material life towards the 
more promising field of cultural history. Historical climatologists for their part became 
involved in research programmes which sought to reconstruct past temperatures in the 
context of the new debate on anthropogenic climate change. More recently, investiga-
tions into the consequences of weather and climate for human societies in the past are 
once more gaining ground. An International Society for Historical Climatology and 
Climate History was founded in 2012.

Weather History—A Composite Puzzle 
from Thousands of Parts

Humans are part of two different spheres of existence and causation: the natural and the 
cultural. With their bodies, they are part of the biological sphere of nature. With their 
minds, they are part of the symbolic sphere of culture.44 Weather has a prominent place 
in both. Prior to the industrial age it was not only a significant component of man’s bio-
logical life, but as a fundamental everyday experience it also held a prominent place in 
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people’s minds. Knowledge about and understanding of weather had been a central part 
of the culture of agrarian societies ever since the advent of writing. In order to make the 
memory of past events permanent, literate societies used to set down their experience of 
weather episodes together with their knowledge of climate, which was remarkable for 
the pre-meteorological era.

With regard to the content of sources, climate historians distinguish between three 
types of data:  early instrumental measurements, direct narrative data and indirect 
proxy-data (Table 2.1).

The earliest meteorological instruments were developed by Galileo Galilei and his 
successors in Italy. In 1654 the Grand-Duke Ferdinand II of Tuscany sponsored the 
establishment of the first network of meteorological stations located mainly in the Italian 
peninsula.45 In the eighteenth century, many individuals—priests, nobles, scholars, and 
wealthy landowners—acquired barometers and thermometers and began instrument 
observations. Early instrument measurements, prior to the period of national network 

Table 2.1  Survey of Data on Weather and Climate from Archives of Society 
According to Data Category

Data Category Contents

Direct Data (Early) Instrumental Measurements
•	 Air pressure, air-temperature, precipitation, water 

gauges (Instrumental diaries)
Direct or Narrative Data:
•	 Measurements, from several times a day down to 

hourly (Weather diaries and ship’s logbooks)
•	 Reports of spells of weather, extreme weather 

anomalies, weather impacts and perceptions 
(Chronicles)

•	 Dates of and reasons for Rogation Ceremonies and 
Days of Penitence (Ecclesiastical data)

Indirect or Proxy Data Biotic data:
•	 Plant phenological observations
•	 Timing of agricultural work
Physical data:
•	 Freezing and thawing of rivers and lakes, time of 

snowfalls and duration of snow cover (cryospheric 
data)

•	 Reports on floods and low water; flood and low 
water marks (hydrological data)

•	 Paintings of ancient glaciers; reports on advance and 
retreat of glaciers (glaciological data)

Archaeological data:
•	 Abandonment of settlements, changes in statistics 

of human height and in nutrition
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observations from the late nineteenth century, are usually found in weather diaries 
alongside narrative accounts. Linking early instrument measurements to modern ones 
requires careful standardization, because early instruments were inadequate and guide-
lines as to where instruments should be located are often lacking, while metadata is sel-
dom available.46

Direct data are weather narratives set down serially, ranging from scant mentions 
in weather diaries to extended descriptions found in chronicles. Chroniclers describe 
how people experienced and interpreted extreme weather events on the basis of their 
particular worldviews. Weather diaries began to be kept from the late fifteenth century, 
when the large-scale publication of astronomical calendars first provided a suitable 
medium for the daily recording of outline meteorological observations. On the high 
seas, daily changes in wind and weather were duly registered in ship’s logbooks from 
the late seventeenth century. Every officer on board was required to keep data of this 
kind. Ecclesiastical data about the time and purpose of rogations, religious services con-
ducted to mitigate climatic extremes such as droughts (Pro Pluvia Rogations) or end-
less rains (Pro Serenitate Rogations) are an important proxy for assessing the severity of 
extreme episodes of weather.47

Indirect data refers to biophysical evidence that is to some extent controlled by 
weather and climate. The word ‘biophysical’ is made up of the terms biological and phys-
ical. Biological data refers to the time of ripening of crops, and wild plants and the dates 
of agricultural activities such as the harvest. Physical data refers to indicators such as the 
duration of snow cover, the freezing and thawing of rivers, lakes, ponds, and streams 
as well as the incidence of floods and low tides. Many chroniclers were eager to include 
biophysical observations in their narratives, because those were known to be compat-
ible with analogous occurrences in the past and future, and therefore suited to advance 
human knowledge concerning climatic risks. The relationship of biophysical proxies to 
climatic elements, temperature, and precipitation, must be established by the researcher 
employing statistical analysis. Pictorial representations of historic glaciers in the form of 
drawings and paintings allow reconstructions to be made of the previous extension and 
volume of the ice as far back as the seventeenth century.48

Another indirect source which is important is archaeological evidence. 
Archaeologists investigate climate and human activity in the past, primarily through the 
recovery and analysis of man-made relicts buried in Archives of Nature. Evidence about 
people’s body height or about the establishment and abandonment of settlements is 
often assumed to result from the long-term effects of climate and/or climatic extremes, 
but such hypotheses need to be carefully validated.49

Another important distinction in the area of documentary evidence concerns the 
agents who generated or directed the production of sources. Knowing who produced 
the sources and why these were produced is essential in order to detect flaws and short-
comings (Table 2.2).

	 •	 Personal Sources were generated and shaped by individuals who were motivated 
to record weather observations. Such sources may contain both direct and indirect 
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data. Most suffer from gaps of varying length for biographical reasons. Knowing 
the personal background of an author is helpful to assess which climatic elements 
he may have highlighted and which he may have disregarded. The date of an event 
can only be accepted if it falls within the lifetime of the author of the source which 
requires the date of his birth and death to be established.

	 •	 Institutional sources were generated and shaped within the framework of admin-
istrative structures, that is, organizations such as monasteries, hospitals, and town 
governments. These bodies did not primarily intend to document weather. Rather, 
they were concerned with the accounting of receipts and expenditures, some of 
which fluctuated according to the weather. Bureaucratic routines involved annual 
record keeping, also for years of ‘average’ climate, sometimes over several centu-
ries. For example, the start of the sailing season each year in Stockholm, deduced 
from administrative sources on harbour activities, may serves as a proxy variable 
for January to April temperatures over the entire period from the early sixteenth 
century until at least the beginning of the 1870s, as Lotta Leijonhufvud and her 
co-authors demonstrated. Another example concerns the start of the winter grain 
harvest in Switzerland and southwest Germany which can be obtained from the 
accounts of the Basle Hospital and other administrative sources from 1444 to 1970 
and acts as a proxy for March to July temperatures. Serial information concern-
ing the beginning of the grape harvest in France and elsewhere goes back as far 
as the late fourteenth century. Bureaucratic routines may also include reporting to 
a higher authority. For example, Venetian governors in the Adriatic and Eastern 
Mediterranean had to report annually to their superiors in Venice, about events 
which affected income and expenditure in their territories, for instance storms 
damaging port installations or droughts destroying the harvest. In a similar way, 
authorities submitted reports about weather damage to crops or buildings when 

Table 2.2  Survey of Data on Weather and Climate from Archives of Society 
According to Record Keeping Agents

Data category Personal sources Institutional sources

Instrumental: •	 Instrumental diaries •	 Protocols of a meteorological 
network stations

Direct or Narrative: •	 Weather diaries •	 Ship’s logbooks
•	 Chronicles •	 Mandatory reports about  

weather impacts
•	 Letters, Diaries •	 Ecclesiastical evidence
•	 Travellers’ accounts
•	 Scientific papers

Indirect or Proxy: •	 all personal sources •	 Administrative records on 
weather-related activities and 
sources of income
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householders who had suffered applied for a reduction in their taxes, as case studies 
from today’s Czech Republic demonstrate.50

There remains the problem of creating continuous quantitative time series from 
miscellaneous evidence contained in personal and institutional sources. Historical cli-
matologists take on the challenge of fitting together thousands of individual pieces of 
evidence to create a detailed picture of past weather, which is then converted to con-
tinuous time series of proxy indicators of temperature and precipitation. The procedure 
is carried out as follows. Initially, it is essential to make sure that the picture obtained 
for a particular time span is ‘meteoro-logical’, that is, in accordance with atmospheric 
laws. Subsequently, an ordinal index is derived from the evidence for every month or 
season. It consists of seven grades encompassing values for temperature of -3 (extremely 
cold), -2 (very cold), -1 (cold), 0 (‘average’), +1 (warm), +2 (very warm and +3 (extremely 
warm). Accordingly, the precipitation index employs the same methodology using 
grades of -3 (extremely dry), -2 (very dry), -1 (dry), 0 (‘average’), +1 (wet), +2 (very wet) 
and +3 (extremely wet). Of course, assessing these so-called ‘Pfister indices’ is to some 
extent subjective, depending upon the quality of the evidence and the experience of 
the researcher. Yet there is a high degree of correlation for the indices obtained inde-
pendently for separate countries. Nearly continuous monthly temperature indices are 
available for Germany, Switzerland and the Czech Republic from 1500 until the early 
nineteenth century. Petr Dobrovolny and coauthors succeeded to assess continu-
ous temperature estimates from this evidence for every month of the year.51 Another 
group under the same lead authors estimated monthly precipitation for the Czech lands 
from 1501 to 201052. Sea-level pressure, temperature, and precipitation have been recon-
structed statistically for the whole of Europe on a monthly (1659 onwards) and seasonal 
(1500 onwards) basis by Jürg Luterbacher together with his colleagues.53

Climatic Trends and Weather Extremes

The geographical range of documentary evidence and its availability over time in 
Europe are uneven. Data are still fragmentary for Northern Europe (except Iceland), the 
Balkans, and Russia, while it is almost continuous for western and central Europe from 
about 1170, at least for ‘summer’ and ‘winter’ seasons. This enabled Pierre Alexandre to 
produce a critical compilation of data from this core region for the period 1000 to 1425.54 
Records of seasonal temperature variations for Germany exist for the past millennium, 
extending back into the Middle Ages.55 In the period after 1550 the quality and density 
of information greatly improves and near continuous indices are available for several 
countries. For England and France measured monthly temperatures are available from 
1658/59.56

The final section of this chapter provides an outline of the main climatic trends. 
More detailed information may be found in regional syntheses of weather and climate 
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which are available for Iceland, France, the British Isles, the Southern and Northern 
Netherlands, Germany, Switzerland, Italy, the Czech Republic, Hungary, Poland, and 
Russia.57

The principal change was that, within the last millennium, a warm medieval era gave 
way around 1300 to a cool ‘Little Ice Age’, which lasted until around 1900 when it, in turn, 
was replaced by a warmer trend mainly related to man-made global warming. The pre-
sent warm period is now attributed to a higher incidence of solar radiation in the north-
ern hemisphere, which results from orbital forcing brought about by variations in the 
path of the earth’s orbit and of the angle and the spinning motion of its axis.58 The con-
cept of the ‘Little Ice Age’ describes a phase of renewed moderate glaciation after the dis-
appearance of most mountain glaciers during the Climatic Optimum about 5,000 years 
ago.59 The cooling of the Little Ice Age documented in the Alps through three major gla-
cier advances is related to small fluctuations in solar activity and frequent volcanic erup-
tions in the tropics.60 Rather than being uniformly cold, the climate during the Little 
Ice Age showed manifold, often contrasting, temperature and precipitation intervals 
including warm and dry extremes. There were also sharp contrasts between different 
parts of Europe due to the different effects of atmospheric shifts. These temperature and 
precipitation trends between 1350 and 1750 are described subsequently for Western and 
East-Central Europe as well as for the Mediterranean region.

Western Europe

In Western Europe (France, the British Isles, the Benelux countries, Switzerland, and 
Germany) the winter half-year (October through March) was colder and generally drier 
than in the twentieth century. This was particularly so from 1351 to 1370, 1418 to 1425, 
1432 to 1443, 1477 to 1483, 1560 to 1573, 1680 to 1697, and in the 1740s. During the most 
severe winters, such as 1364, 1435, 1573, 1695, 1709, and 1740, cold and dry air masses 
flooded large parts of Europe for several months. The most extreme cold episode in 
January 1709 involved polar air which penetrated as far south as the Mediterranean 
Basin, killing most subtropical plants such as citrus and olive trees.61 Winters were 
rather warmer from 1401 to 1417, in the 1470s, from 1520 to 1545, and again from 1617 to 
1650. Temperatures from 1600 to 1615 frequently alternated between extremes of cold 
and warmth.

In a similar way, the data now available for the summer half-year (April through 
September) enable us to distinguish between colder periods (1452 to 1465, 1490s, 1510s, 
1560 to 1598, and 1684 to 1705) and warmer intervals (1380s, 1412 to 1427, 1530 to 1565, and 
1718 to 1730) as well as periods of more average, unspectacular weather. The transition 
from the ‘Medieval Warm Period’ to the ‘Little Ice Age’ involved a drop in April to July of 
average temperatures from 13°C to 12.4°C in England between the late thirteenth and the 
early fifteenth centuries. Superimposed on this long-term trend are alternating phases of 
colder and warmer growing seasons. The 1390s and the 1410s were slightly warmer. Cold 
periods were located around 1380, as well as in the early years of the fifteenth century. 
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The growing seasons (April to September) in the 1390s and the 1410s were rather dry. 
Increased rainfall occurred between 1355 and 1375, around 1380, in the early years of the 
fifteenth century and the early 1420s.62 Record breaking heat-waves and multi-seasonal 
droughts were registered in much of Europe in 1473 and 1540.63

After 1560 a phase of cooling set in which lasted for many decades, gradually extend-
ing from winter to spring, summer, and autumn. By the 1580s the wide Denmark Strait 
between Iceland and Greenland was often found to be entirely blocked by pack-ice, 
even during summer.64 Winters in Central Europe were 0.9ºC colder from 1560 to 
1600 compared to 1531 to 1560, while temperatures in spring declined 0.6ºC, those in 
summer 1.0ºC and those in autumn 0.5ºC. The decade from 1591 to 1600 was the cold-
est.65 Summer rainfall increased from northern Germany to the Alps with snow fall-
ing more frequently in higher altitudes. Alpine glaciers advanced rapidly—the Lower 
Grindelwald Glacier (in the Bernese Oberland) by one kilometre within as little as 
twenty years—and the number of severe floods in Switzerland increased fourfold. The 
agrarian economies located north of the Alps repeatedly suffered from ‘years without a 
summer’, such as 1585, 1628, 1675 and 1692, often triggered by large volcanic explosions 
in the tropics. In many countries, harsh weather occurred in the periods from 1618 to 
1630, from 1640 to 1650, and from 1687 to 1695.66

Eastern Europe (Poland and Russia)

During the later fourteenth century, particularly in the 1360s, Russia experienced 
severe droughts resulting in dried out rivers, and forest and peat bog fires. In the coun-
try’s central regions, the fifteenth century was the coldest since the High Middle Ages. 
Rainy summers (mainly in the 1450s), severe droughts (mainly in the early 1470s), 
and cold winters (mainly from 1440 to 1460) resulted in four decades when famines 
were frequent. The decades from 1480 to 1520 were very wet, while the first half of the 
sixteenth century was rather warm. In Poland, winters were rather mild, but highly 
variable during these decades. From 1550 winter temperatures dropped and remained 
low for two hundred years until 1750. In Poland, information about cool summers 
is lacking up to 1650, while in Russia both severe winters and cool summers were 
more often recorded, particularly between 1590 and 1620. Higher temperatures in the 
North during the first half of the seventeenth century allowed Russian vessels to pass 
through the Bering Straits and open the North-Eastern Route from the shores of the 
Kola Peninsula to the Pacific. Every second summer was dry between 1640 and 1659. 
Poland saw more warm summers during the first half of the seventeenth century than 
at other periods. In Russia, rainy summers, with recurring early season cold spells and 
late season frosts, became common during the second half of the seventeenth century. 
The eighteenth century was dominated by adverse conditions such as cold springs, 
summer cold spells, and late summer frosts. Likewise, cool summer seasons were 
recorded in Poland during the first half of the eighteenth century with the coldest in 
the period 1721 to 1740.67
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The Mediterranean Basin

Average winter temperatures were, by comparison with twentieth-century figures, 
almost consistently colder, particularly in the Eastern Mediterranean.68 In Catalonia 
(northeastern Spain) dry spells during the winter half-year were frequent in the 
mid-sixteenth century. Beginning around 1570, wetter and colder conditions became 
evident with increased precipitation and, at times, greater snowfall in higher altitudes. 
Rivers frequently flooded during the rainy season. The extent of marshlands increased 
due to greater fluvial discharge,69 while the Eastern Mediterranean suffered from both 
coldness and drought. From 1590 to 1619 the climate was truly anomalous, especially due 
to the high frequency of catastrophic flooding in the western part of the Mediterranean, 
while the Ottoman lands experienced their longest drought during the past six hundred 
years.70 The situation was similar in the mid-seventeenth century.71

The Importance of Weather and 
Climate for History

Viewpoints on the extent to which past variations in climate have affected societies are 
sharply divided. Physical scientists are unshakeable in their conviction that climate must 
have affected society in the past. Scientific reconstructions involving societal aspects are 
often presented in the form of monocausal arguments supported with smoothed curves 
on a high level of temporal and spatial aggregation. Nico Stehr and Hans von Storch 
argue that ‘a large proportion of today’s climate impact research is genuine climate 
determinism’.72 Discussions about the social significance of climatic variations were 
and still are discredited by environmental determinism carried to an extreme by the 
geographer Ellsworth Huntington and his followers. This may be one reason why many 
historians tend to ignore altogether the possible importance of weather and climate on 
human development. Another reason may be the tendency of historians to avoid broad 
generalizations, because the differences from one case to another are fundamental in 
historical research.73 Admittedly, controversial issues need to be discussed without ide-
ological blinkers, albeit with good knowledge of the evidence and methods within both 
of the ‘Two Cultures’. Rather than turning into a search for a deterministic explanation 
of the past, ‘the inclusion of the climate factor in the study of history [as Jan de Vries has 
rightly argued] should be seen as an expansion of the context in which the workings of 
past societies are to be understood’.74 In order to explore interactions between climate 
and human history, we need to bear in mind that many changes in the human realm 
such as the development of technology and trade, changes in institutional structure as 
well as wars and the rise of territorial states to a large extent follow their own internal 
momentum. To become more meaningful, the issue of ‘climate’ and ‘history’ needs to 
be broken down to lower levels of analysis, with a specific focus, for example, on food, 
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health, or energy systems or on activities such as transportation, communications, mili-
tary or naval operations (see Figure 2.1).

According to this model, weather and climate influence the availability of water with 
its many ramifications for irrigation, power generation, and river navigation. They also 
affect food production and demand for fuel as well as the health system. Most impor-
tantly of all, we need to remember that individuals are not simply passive victims of 
climatic variations. Rather, humans also developed adaptive strategies to buffer them-
selves, more or less effectively, against extreme weather and climatic change. The com-
prehensive volume edited by Robert W. Kates and his colleagues still provides the most 
elaborate and comprehensive framework with which to study climate–society inter-
actions in the past. It results from cooperation between over a hundred authors and 
reviewers, and covers almost all important aspects such as agriculture, fisheries, water 
and energy resources, extreme event analysis, perception, and numerical modelling.75

A common sequence in climate impact study involves ordering impacts parallel to 
the major domains of science, beginning with the physical sciences, then moving to 
the social sciences, and finally to cultural responses and strategies of coping.76 This 
approach assumes that the impacts of weather and climate triggered a chain of events 
that would otherwise not have occurred. The size of the top-down arrows indicates in 
Figure 2.2, how closely the effects are related to the climatic impact.

The most immediate consequences of extreme weather and induced extreme events 
are, of course, of a biophysical nature including primary (biomass) production, water 
availability, and micro-organisms. Fluctuations in food prices are among the most obvi-
ous consequences of a second-order impact, masked by the influence of other factors, 

Impacts of extreme climate events on societies

Climate variability
frequency, severity, accumulation of

impacts, spatial range

Water availability
e.g., transportation, energy production

Properties of impacted societies
adaptive and adjustive mechanisms, culturally

determined

Food production,
fuel demand State of health

Figure 2.1  Impacts of extreme weather on society86
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such as supra-regional trade, public grain storage and speculation, together with epi-
demics and epizootics. A third-order impact makes itself felt mainly through demo-
graphic effects, such as a slump in the birth rate and excess mortality.77 The fourth-order 
impact includes cultural responses, such as rogations, coping strategies to adapt to mete-
orological stress in terms of learning processes and social conflicts. Bottom-up arrows 
indicate how broad the options of individual or collective actors are to cope with direct 
or indirect effects of meteorological stress. The figure itself has merely a heuristic value. 
The model does not include the many other variables which, apart from climate, affect 
the various types of human activity; nor does it specify in detail which climate variables 
are critical for each activity.

Investigating the consequences of crop-failures necessitates examining the vul-
nerability of the main sources of food to variations in weather. In the words of Lucien 
Febvre: ‘The action of climate on the natural environment in which man lives must be 
known before we can understand the action of climate on man.’78 With regard to Western 
and Central Europe such a strategy mainly concerns food, grain, wine, and dairy 

Extreme weather and induced extreme events
Frost, hail, snowfall, wetness, floods, windstorms,

tropical cyclones, droughts, (forest) fires

Second order impact: Economic growth, human and animal health
Prices of biomass and energy, transportation,

heating, epidemics and epizootics 

First order impact: Biophysical e�ects
Primary production: biomass (food, feed, fuelwood),

water availability, microorganisms 

�ird order impact: Demographic and social implications
Malnutrition, demographic growth (mortality, fertility, migration),

social conflicts

Fourth order impact: Cultural responses and coping strategies
Religious rituals, crisis interpretation,

cultural memory, learning processes, adaption
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Figure 2.2  Simplified Climate-Society Interaction Model.
After Daniel Krämer, Menschen grasten nun mit dem Vieh. Eine Untersuchung der sozi-
alen Verletzlichkeit der Gesellschaft in der letzten grossen Hungerkrise der Schweiz 1816/17, 
Basle, 2014 (in print) and Christian Pfister, ‘Climatic Extremes, Recurrent Crises and Witch 
Hunts:  Strategies of European Societies in Coping with Exogenous Shocks in the Late 
Sixteenth and Early Seventeenth Centuries’, The Medieval History Journal, 10/1–2 (2007), 
33–73, here 41.
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production. It was shown that a given set of specific sequences of weather spells over 
the agricultural year named ‘Little Ice Age Type Impacts’ (LIATIMP), mainly involving 
sequences of chilly springs (April!) and extremely wet mid-summers, were likely to par-
alyse even sophisticated systems of risk avoidance.79 Such weather sequences affected 
not only the output, but also the quality of grain and wine production. Harvesting dur-
ing long wet spells made it much more difficult to store grain for food use, and a wet har-
vest compromised the following year’s crop if damp seed prematurely sprouted or rotted 
in storage. Moreover, extreme weather in terms of severe droughts, cold or wet spells 
affected cattle and sheep through epizootics. By contrast with older views, it was shown 
that good and bad years do not necessarily follow each other randomly. Rather, they 
often appear bundled together in the form of longer runs of favourable and unfavour-
able years. The seven decades from 1560 to 1630 witnessed a significantly higher level of 
climatic stress when compared to preceding and subsequent periods. Simultaneously, 
grain prices in Southern Central Europe were far higher.80

Examinations of the vulnerability of society to climatic change need to be pursued 
by regional case-studies. The narrow framework which these provide best reveals the 
multifaceted political, social, and cultural settings influencing human perceptions of the 
world. ‘In historic studies, the availability of data usually dictates the unit to be studied.’81 
In most cases, such evidence is produced in the regional context of communities, terri-
tories, or emerging nation states.

Periods of high climatic stress, particularly in synergy with war, had a disastrous 
impact on Europe’s societies and economies, producing turmoil and rebellions, as 
Geoffrey Parker has recently demonstrated on a global level for the long seventeenth 
century.82 The 1590s were a period of crisis and upheaval in many parts of Europe. 
Observers in France, England, Italy, and Spain referred to the 1590s as a time of great 
turbulence. From the mid-1580s to the late 1590s, France suffered from harvest failures, 
epidemics, and religious warfare. Sicily and Naples were shaken by a subsistence crisis in 
1590 to 1592, while parts of Spain suffered from harvest failures during the same decade. 
In a similar way, England and Scotland saw a disastrous sequence of harvest failures 
(1593–97) with economic depression, widespread poverty, and high mortality from dis-
ease and starvation. In Austria there were large-scale peasant uprisings between 1594 
and 1597 precipitated by higher food prices. Crops failed both in Finland (from 1595 to 
1601) and Sweden (from 1596 to 1603) with great scarcity and consequent starvation. In 
Russia, a period of extreme winters, harvest failures, and famine in 1601 to 1603 turned a 
political succession crisis into the widespread outbreak of vagrancy, violence, and civil 
war over the following decade known as the ‘Time of Troubles’.83

Yet, as Sam White argues, ‘even when the fit between climatic and historical events 
seems too perfect to dismiss as mere coincidence, simply coupling the two fails to 
explain how and why one development led to another which constitutes the basic task 
of history’.84 He provides a convincing and detailed line of reasoning why climate was a 
critical factor for the seventeenth-century crises of the Ottoman Empire: ‘In the 1590s, 
the eastern Mediterranean underwent its longest drought in the past 600 years, caus-
ing widespread famine. At the same time, a disease of livestock wiped out most of the 
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sheep and cattle in Anatolia, the Balkans, and the Crimea. Locked in a difficult war with 
the Habsburg Empire, the Ottoman state imposed high taxes and requisitions on the 
starving peasantry, fuelling a major uprising in Anatolia called the Celali Rebellion 
(1596–1610). Recurring Little Ice Age drought and cold contributed to the widespread 
violence, flight, and famine that followed, which left much of the Ottoman countryside 
depopulated by the early 1600s’.85

Needless to say, a universally applicable picture of social vulnerability to climate 
impacts is not to be expected from such studies. Quite the contrary: it would be worth-
while to illustrate the plurality of human responses and solutions in mitigating societal 
vulnerability to climate variability. Such cooperation would yield a picture of man’s rela-
tion with climate which is tailored to the realities of the twenty-first century.
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