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Second, the climatic evidence obtained should be used to explore the impacts of

climatic variations on crops, food prices, demographic growth, and social disar-
ray. L.e Roy Ladurie suggested that a picture of climate without humankind in
the pre-instrumental period might be reconstructed from data describing the me-
teorological nature of certain years, seasons, months, and days (i.e., from long
series of documentary proxy data). The ultimate goal of such a reconstruction
should be to set up a series of continuous, quantitative, and homogeneous cli-
mate indicators (Le Roy Ladurie 1972).

Historical ¢limatologists acted upon Le Roy Ladurie’s suggestion inasmuch
as an approach to quantify qualitative observations in a more or less standard-
ized way, was developed from the late 1960s. This consists of deducing continy-
ous, quantitative, and guasi-homogeneous time series of intensity indices for
temperature and precipitation from documentary data used as substitutes for in-
strumental measurements. In most cases, a reconstruction involves different
kinds of documentary data supplemented by high-resolution natural proxy data.
Thus far. such series have been set up for Germany, Switzerland. the Low Coun-
tries, the Czech Republic, Hungary, Andalusia, Portugal, and Greece (Brazdil et
al. 2005).

A CASCADE OF EFFECTS

When series of continuous, quantitative, and quasi-homogeneous climatic indi-
cators are set up for the pre-instrumental period, such series may be used to con-
struct models that enable the exploration of the impacts of climatic varialions
upon cconomies and societies. The effects of climatic (luctuations on the
“course of history,” for instance, are difficult to demonstrate because most ol the
[actors include many internal mechanisms that compensate for adverse climatic
effeets (Berger 2002).

It is frequently overlooked that both “climate” and “history” are blanket
terms, situated on such a high level of abstraction, such that relationships be-
tween them cannot be investigated in a meaningful way according to accepted
rules of scientific methodology. On a very general level, it could be said that
beneficial climatic effects tend to enlarge the scope of human action, whereas
climatic shocks tend to restrict it. Which sequences of climatic situations really
matter depends upon the impacted unit and the environmental, cultural, and his-
torical context (Pfister 2001). However, this statement needs to be restricted in
the sense that the term “climatic shock™ itself is ambiguous, as it is well known
that some of the people and groups involved always take advantage of situations
of general distress, both economically and politically.

To become more meaningful, “climate and history,” as a collective issue,
need to be broken down to lower scales of analysis, with a specific focus, for ex-
ample, on food, health, or energy systems or on specific activities such as trans-
portation, communications, and military or naval operations. Particular empha-
sis must also be given to short- and medium-term events. Moreover, concepts
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need to be worked out to disentangle the severity ol climate impacts and the effi-
ciency of measures for coping with them. The closer details arc investigated, the
higher the probability will be of finding significant coherences (Roy 1982).

Regardless of which event or impact is to be studied, an impacted group, ac-
tivity, or area exposed to these events must be selected. Tn general, the focus is on
individuals, populations, or activities in the form of livelihoods or regional
ecotypes. Most examples provided in this chapter refer to the Swiss canton of
Bern, which in 1760 comprised 8591 km? and had about 350,000 inhabitants.
As ol 1764, its statistical coverage is excellent (Pfister and Egli 1998). The can-
ton may be roughly divided into three different ecozones. In the Lowlands (by
Swiss standards), grain grown within the three-field system was the dominant
crop. In the hilly zone, grain cultivation and dairy production had about an equal
share. In the Alpine zone, dairy production was dominant; grain cultivation
played a marginal role on a microscale.

The most difficult choices of study elements are those of impacts and conse-
quences. Biophysical impact studies may help identify how climate anomalies
affected crops, domestic animals, and disease vectors through a study of their
climatic sensitivity. Social impact assessment studies can then examine how
biophysical impacts (i.e., effects of climate anomalies upon biota) are propa-
gated into the social and political systems.

Robert W. Kates (1985) suggested that such studies, in a first run, might be
arranged in the order of propagation to events, although this arrangement may
be arbitrary in the sense that the real-time process actually takes place simulta-
neously or that the sequence is unknown Lo climatic processes. Figure 12.1 de-
picts a simplified version of this approach, showing a cascade of effects for
preindusirial societies.

Biophysical impacts focus on the production of food (e.g.. yields per hectare,
relation of seeded to harvested grains) and its availability for human production
(including loss through storage). Eeonomic impacts consider consequences on
prices of food, animal (eed, and firewood. Grain prices were by far the most im-
portant parameters for business activily: they also constitute the only economic
data for which continuous series are widely available in Europe. Demographic
and social impacts highlight consequences of subsistence crises such as malnu-
trition, social disruption, and food migration. A subsistence crisis is an inte-
grated process in which nature and society interact. [ts severity, however mea-
sured, depends on the magnitude of the biophysical impact as well as on the
preparedness of the people involved and on the efficiency of the measures and
strategies that are taken to address the crisis. The significance of human inter-
vention in the process increased from top Lo bottom at the expense ol climate im-
pacts. There were few options available to dampen biophysical impacts,
whereas economic measures and social assistance could considerably reduce
social disruption. Of course, interactive models. including the socictal re-
sponses to biophysical and economic impacts in terms of positive or negative
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Climatic impacts: lemperature and precipitation anomalies, floods, droughts,
windstorms, frost, ete.

Biophysical impacts: volume of biomass (including losses in transportation,
storage, etc.)

A 4

Economic impacts: pril.;:a of food, animal feed, and firewood

h

Demographic and social impacts: malnutrition, drop in birthrate, rise in death rate,
soclal disruption, and food migration (subsistence crises)

Severity of climate impact compared to buffering and adaptation strategles

Figure 12.1  Abasic model of climate impacts on society (modified after Kates 1985).

feedback, would be more realistic than linear models. Kates (1985, p. | f‘)’
however, correctly observes that it is easier to draw schematics than to describe
what actually occurs.

ASSESSING AND MODELING LITTLE ICE
AGE-TYPE IMPACTS

In western and central Europe, two kinds of impacts were detrimental for agri-
culture: cold springs and wet summers, where long wet spells during the harvest
period prompted the most devastating impact. Continuous r‘air.ls lpwn:red the
flour content of the grains and made them vulnerable to mold m!‘ectm.ns and at-
tacks of grain weevil (Sitophilus granarius) (Kaplan 1976_). During wu}tcr s‘tur-
age, huge losses were caused by insects and fungi, which increased grain prices
in the subsequent spring. These effects can hardly be assessed today, let a!one.
under the conditions of an Early Modern cconomy. In addition to long spells of
rain in midsummer, cold springs harmed grain crops. From present-fiay
agro-meteorological analyses it is known that grain yields depend on su‘[ﬁclenl
warmth and moisture in April (Hanus and Aimiller 1978). This implies that
crops suffered from dry and cold springs, which were frequent during the LIA.
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Extended snow cover was particularly harmful. When snow cover lasted for
several months, until March or April, winter grains were attacked by the fungus

Jusarium nivale. Peasant farmers often ploughed the choked plants under and

seeded spring grains to compensate for the lost crop.

To face the growing frequency of wet summers in the late 16" century, peas-
ants changed their crop mix by growing more spelt instead of rye, since spelt
ears bend and thus permit rainwater to drain off easily. Spelt is also moisture-
protected by a sheath. In addition, in the Alpine area, production of hard (as op-
posed (o soft) cheese spread rapidly during the late 16" century. This was per-
haps an adaptive strategy, since hard cheeses can be stored for several years;
thus they were better suited to bridge multiple bad summers in the 16t century,
when cheese production was marginal (Pfister 1984), Whether these novel prac-
tices were indeed related to the changing climate and not to market incentives,
however. remains to be confirmed.

In terms of the vulnerability of the main sources of food, based on present and
historical knowledge, it appears that a given set of specific weather sequences
over the agricultural year was likely to affect simultaneously all sources of food,
leaving little margin for substitution. Table 12,1 depicts the properties of a
worse-case crop failure and, inversely, of a year of plenty (Pfister 1984, 2005). It
also summarizes the impact of adverse temperature and precipitation patterns on
grain, dairy forage, and vine production during critical periods of the year under
the following weather patterns: Cold periods in March and April lowered the
volumes of the grain harvest and dairy forage production. Wet mid-summers
(July-August) affected all sources of food production. Throughout September
and October, cold spells lowered the sugar content of wine, and wet spells re-
duced the amount of grain sown, and lowered the nitrogen content of the soil.
Most importantly, the simultaneous occurrence of rainy autumns with cold
springs and wel midsummers in subsequent years had a cumulative impact on
agricultural production. This same combination of seasonal patterns largely
contributed to trigger far-reaching advances of glaciers. The economically ad-
verse combination of climatic patterns is labeled Littlc Ice Age-type impacts

Table12.1 Weather-related impacts affecting the agricultural production of traditional
temperate-climate agriculture in Europe. /talicized text indicates weather conditions
that affected the volume of harvests or animal production. Boldface text denotes weather
conditions that affected the quality (i.c., the content in nutrients or sugar) of crops,

Critical months Agricultural products
Grain Dairy Vine
Forage
September-October et Cold Cold and wet
March-April Cold Cold (Late frost)
July-August Wet Wet Cold and Wet
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(LIATIMP) (Pfister 2005). Such biophysical impacts need to be understood as
ideal types in the sense of Max Weber. They are heuristic tools against which a
given body of evidence can be compared (Kalberg 1994).

The concept of LIATIMP provides a way to measure the severity of biophysi-
cal impacts. Compared to other parameters (e.g., grain prices and demographic
data), it allows a direct assessment of the vulnerability of affected groups or so-
cieties to climate. The term of vulnerability represents a multitude of factors
such as social stratification, the availability of substitute loods, the efficiency of
provisioning buffers (e.g., private and public grain stores) as well as measures of
poor relief.

Let us now consider the properties of a model used to simulate LIATIMP
(Figure 12.2). The model is solely based on monthly temperature and precipita-
tion indices. Biophysical climate impact factors (BCIF) were defined from the
effeet ol weather on crops known from both contemporary reports and pres-
ent-day scientific knowledge (Table 12.1). Grain prices were used as an indica-
tor for socioeconomic impacts (i.e., subsistence crises). Since long-term
multi-secular grain price series are not available for Switzerland, a series of rye
prices from neighboring Bavaria were applied as a substitute. The weighing of
terms in the equation was empirically done through fitting the BCIFs to the
curve of grain prices (see Appendix 12.1).

Considering the graphical representation of BCIF from 1550 (not shown), it
turned out that several breaks (1566/1567, 1629/1630, 1817/1818, 1843/1844)
were statistically significant (see Appendix 12.1): multidecadal periods of low
and high biophysical climate impact levels can be distinguished. This result
challenges the view widely held by economic historians: Wilhelm Abel (1972,
p. 35) assumed that climatic impacts on the economy need to be understood as a
series of random shocks. Likewise, Karl-Gunnar Persson (1999, p. 98) does not
envisage possible changes in climate over time. “That the price fluctuations...
were triggered by output shocks is too obvious to dispute.” he declared. Nobel
laureate Robert Fogel (1992) even tried to disprove the existence of any rela-
tionship between climatic extremes and famine (i.c., between agriculture and
climate) through questionable statistical manipulations. He simply claimed:
“Famines were causcd not by natural disasters but by dramatic redistributions of
entitlements to grain” (sce Landsteiner 2005, p. 99). James Jarraud, Secre-
tary-Gieneral of the World Meteorological Organization (WMO), came to a
somewhat different assessment, With a view to the present and the future, he
wrote: “Climate variability affects all economic sectors, but agriculture and for-
estry sectors are perhaps the most vulnerable and sensitive activities to such
fluctuations™ (Jarraud 2005, p, 5), In addition, for historians who focus on peo-
ple's perceptions and the established facts found in the sources instead of on
equilibrium models and numerical data, climate variability mattered for the
preindustrial cconomies. Its signilicance, however, cannot be simply implied. It
needs to be established from case to case.

Little Ice Age-type Impacts in Bern pre-1800 205
Climate Impact Factors
80 — ——
60
40

Index
| =
o
e
—
1
=
+
=
—

O vivy —— ‘,.' | W= B et
/ \| | k.,'v A 1 ]” \/ y | l :-|+-—5 .'Ti- I/ 1
/ N \ I A L
-20 | i y ]
|T| T F 1
-40
1700 1725 1750 1775 1800 16825 1850

Climate Impact factors
—— Mean significantly (< 05) different from previous and/or subsequent mean
— Mean not significantly different from previous and/or subsequent mean

Figure 12.2  Biophysical climate impact factors (BCIF) in central Europe from 1700~
1900. The well-known peaks of grain prices (around 1714, 1740, 1770, 1817, 1853~
1855) clearly emerge.

The spatial dimension of a crisis is another important aspect (see below).
Which regions in Europe werc allected by LIATIMP, and which ones escaped?

Figure 12.3 compares the lowest and highest mean annual grain prices be-
tween 1760 and 1774 for 29 towns in Europe. The highest prices within this pe-
riod are given as a percentage of the lowest, which are set to 100. The following
characteristics are worth mentioning:

* North of the Alps, a clear West-East gradient stands out from the coast of
the English Channel and the North Sea to the foothills of the Alps and the
Carpathians.

* Whereas grain prices in Antwerp rose by 60%, in London by 70%, and in
Paris by 110%, they more than tripled in Vienna and in Lwow (Poland).

* Price levels were generally lower south of the Alps with minima in Rome

and Naples, where prices throughout the period remained almost at the
same level (Abel 1972),

The zone of very high prices roughly coincides with the spatial dimension of the
low pressure areas in the summers 1769 to 1771, People in areas close to the
North Sea were less affected by the crisis because grain could be shipped there at
low cost from surplus arcas in the Baltic. The Mediterrancan area was nol af-
fected by this kind of adverse weather: subsistence crises there were usually
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Figure 12_.3 The rise of mean annual grain prices in Europe from 1760 to 1774. The
highest prices within this period are given as a percentage of the lowest, which are set 1o
100. North of the Alps, a clear West—East gradient stands out from the coast of the Eng-

lish Channel and the North Sea to the foothills of the Alps and the Carpathians. Based on
Abel (1972, p. 47).

caused by extended drought in the winter half-year (Xoplaki et al. 2001). Thus,
the spatial dimension of climatic vulnerability depended to a considerable ex-
tent on the possibility of transporting imported grain at low cost on waterways.
Mountainous areas in the interior of continents were particularly disadvantaged
in this respect. On a local scale, price surges could still be more pronounced. In
some areas of the Erzgebirge (Ore Mountains), which is the hilly borderland be-
tween the Czech Republic and Saxony, the price of a bushel of rye rose tenfold
between spring 1770 and early summer 1772. To conclude from the report of a
local parson, this led to outright starvation (Abel 1972).

MEASURES OF THE AUTHORITIES TO REDUCE
VULNERABILITY IN THE CANTON OF BERN

Let ug now turn to the crucial issue of social vulnerability. During subsistence
crises, the ownership or disposal of agricultural land determined the availability
of food resources. Wealthy peasant farmers and major landowners made dispro-
portionately large profits, whereas the landless, cottagers, or peasants with only
medium-sized holdings (i.e., about 80% of the population in the canton of Bern)
spent a much larger proportion of their budget on food.
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Outside of wars, the management of subsistence crises was among the most
serious challenge faced by Early Modern authorities. Grain harvest shortfalls
led to higher food prices, mounting unemployment rates, and an increase in the
scale of begging, vagrancy, crime, and social disorder. Such conditions inevita-
bly resulted in a welfare crisis of varying magnitude.

Environmental stress, economic hardship, and social disarray fostered over-
crowding and other changes in normal community spacing arrangements. These
conditions often appeared in the form of mortality peaks (Post 1990). Authori-
ties took an interest in combating the effects of crises, particularly following the
Thirty Years War, as they sought to increase the number of soldiers as well as tax
income, both of which were dependent on the number of productive workers.

On a macroscale, the extended areas of high grain prices mask enormous dif-
ferences of people’s vulnerability on a microscale. On the local level, other fac-
tors need to be considered, such as the kind of crops grown, the degree of social
inequality, and the efficiency of relief measures taken by the authorities, Gener-
alizations are thus not possible.

Short-term measures usually included the symbolic persecution of hoarders
and speculators, who were made responsible for the crisis, as well as the distri-
bution of grain to the needy people in the capital, On a longer term, as of the late
17" century, a regional network of grain stores was implemented in the canton
of Bern. Brandenberger (2004) concludes that the Bernese authorities shifted
the focus of crisis management toward complementing traditional short-term
measures with sustained efforts to promote agricultural productivity by [acilitat-
ing the legal conditions for subdividing and privatizing communal pastures.

Poor relief was another strategy of reducing vulnerability: Bernese authori-
ties oscillated between spending on welfare and taking economy measures. Dur-
ing the 18™ century they established an area-wide relief system for the poor in
which all communities had to participate. Erika Fliickiger-Strebel (2002) dem-
onstrated that in the wake of the crisis of 1770/1771, a great number of people
became permanently dependent on welfare. Obviously, many working poor
who were at the margin of impoverishment were not able to buffer the shock
from the fall in real income during the crisis. They needed to sell most of their
belongings for food and were henceforth dependent on continual assistance.
The cost of social security rose much faster than any other entry of the budget,
and communities had to bear a rising share of the burden.

How successfiul was this paternalist social policy? The severity of the crisis in
demographic terms was assessed [rom (he aggregate number of baptisms and
burials, which is available for every parish since 1730 (Pfister 1995). From this
data it can be concluded that both indications of excess mortality and a pro-
nounced deficit of baptisms—which would point to some nutritional prob-
lem—were nearly absent, This suggests that vulnerability was substantially re-
duced. However, to put this argument on a firm basis, the situation in the canton
of Bern should be compared with conditions in neighboring areas, where it is hy-
pothesized that the crisis management was less efficient.
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CONCLUSION

Environmental history addresses the role and place of nature in human life, It
studies the interactions that past societies have had with the nonhuman world.
Most scholars primarily understand this paraphrasing of the field by Donald
Worster (1993) as being an account of humans transforming their natural sur-
roundings and encroaching on them. Few, however. look at the other side of the
issue and ask about nature’s role as an independent agent in history. One reason
may be that such a position runs the danger of being stigmatized as determinist,
Another could be the current low standing of quantitative and ecological ap-
proaches within mainstream history, which unilateraly favors microstories and
anthropological approaches. Indeed, results from many early quantitative stud-
ies were rather trivial, but this was mostly due to insufficient data.

In this chapter | have attempted to view socioenvironmental interactions at
different temporal and spatial scales to demonstrate their complexity and to ex-
plore a new modeling approach: macroscale reconstructions of monthly air
pressure and temperature for the entire European continent provide the starting
point. These were obtained from a variety of high-resolution documentary and
natural data. During the LIA, climate impacts never affected Europe as a whole;
they were limited to certain climatic zones of the continent, Impacts in western
and central Europe, for example, did not extend to the Mediterranean. Further-
more, spatial differentiations of vulnerability within the impacted areas need 1o
be made according to ecozones and for the period prior to the construction of the
rail network and access to cheap maritime transport. During a crisis, grain prices
increased two to three times higher in the landlocked areas of the continent than
in regions close to the sea. In terms of the temporal dimension, the modeling of
biophysical impacts suggests that the frequency and scverity of climate impacis
changed over time, thercby leading to multidecadal periods of favorable and ad-
verse climate.

The story of human vulnerability to climate told along a chain of causation,
which runs from natural forcing to economics to the level of political and social
decision making, requires a change from the macroscale of generalizations to
the microscale of case studies. From the case of the canton of Bern during the
crisis in the early 1770s, we can learn about the motivations and strategies of an
enlightened elite to mitigate the stress of subsistence crises for the lower strata in
the final decades of the Ancient Regime. Drawing on the available wealth of de-
mographic data for this canton, we may even speculate about the efficiency of
this early social policy in terms of avoided demographic losses. However, at this
level it is unthinkable to arrive at more general conclusions for Europe or even
parts of it. Even il' many more case studies could be made, a comparative ap-
proach might well come to the conclusion that the differences between case
studies are larger than their common characteristics. More studies of socio-
environmental interactions should be encouraged, but not with the intent of
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arriving at a universal picture of social vulnerability to climate impacts, as has
been repeatedly attempted for global climate change over the last millennium.
Quite the contrary, it would be worthwhile to illustrate the plurality of human re-
sponses and solutions in mitigating social vulnerability to climate variability.
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APPENDIX 12.1 Assessing biophysical climate impact factors and their
significance for grain price fluctuations,

Basic Assumpnons

A model of biophysical impacts on grain markets was empirically assessed comparhﬁg
biophysical climate impact factors (BCTF) for the Swiss Plateau to ryc prices in Bavania
measured in grams of silver. Positive BCIFs are thought to agree with high prices and
vice versa. Whereas selection of terms was guided by agronomical knowledge contained
both in historical sources and present-day textbooks, the weighing of the terms was em-
pirically done by fitting the impact factors to the curve of grain prices.

Computing Biophysical Climate Impact Factors

The basic climate data are monthly temperature (1) and precipitation (P) indices ona 7°
classification (Pfister 1998):

3 = extremely warm/wet, 1 = cold/dry.

= very warm/wel, -2 = very cold/dry,
| = warm/wel. ~3 = extremely cold/dry.
() = normal,

BCIFs are known to be nonlinear. Thus, temperature (1) and precipitation (P) indices
were recoded as follows:

5 = extremely warm/wel, ~1 = cold/dry,

3 = very warm/wet, 3 = very cold/dry,

| = warm/wet, -5 = extremely cold/dry.
0 = normal.

The annual BCIFs were then computed and can be summarized as follows:
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The first two terms require the most explication. The first term reflects spring temper-
atures. For grain prices, both the spring temperatures within a current meteorological
year and those in the subsequent year need to be considered. The higher value goes into
the equation. As spring temperatures are known to be significant for grain production,
March and April temperatures are weighed.

The second term concemns precipitation patterns during the harvest period, which was
from early July to early August. Extremely rainy conditions during this midsummer pe-
riod had the most devastating impact and they had to be accordingly weighed.

The first and the second terms are then multiplied to simulate the summation effect,
which resulted from the coincidence of'a very cold spring and a very rainy midsummer in
the same or in the subsequent year,

Four terms represent factors of minor importance: precipitation and temperatures in
September and October, precipitation in spring and temperatures from May to September,

Results

For the years 1566/1567, 1629/1630, 1817/1818, and 1844/1845, breaks in the series of
BCIFs proved significant. To establish the significance of these breaks, we utilized a sta-
tistical method known as intervention analysis, which Box and Tiao (1975) recom-
mended for environmental time series that often show strong autocorrelations.
Intervention analysis is an extension of autoregressive integrated moving average
(ARIMA) modeling (Box and Jenkins 1976), a technique of time-series analysis in mod-
ern econometrics. According to this implicit model, average exposure shifted, although
we only applied an intervention test in a stepwise fashion to the time as well as grain price
series (Table 12A.1).

This result challenges the assumption of most economic historians: climatic shock on
agricultural production was random. We have to assume that multidecadal periods of low
and high BCIFs need to be distinguished,

Table 12A.1 Level of significance for tests of step changes in the mean level of bio-
physical climate impact factors (BCIFs) and rye prices in Munich. P-values greater than
0.05 are labeled as being not significant (n.s.).

1566/67 1629/30 1678/79 172021 1766/67 1817/18 1844/45

BCIF 0.01 0.05 n.s n.s. n.s. 0.01 0.05
Rye prices 0.05 n.s, ns. n.s. 0.05 0.05 0.05
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