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in the radiocarbon dating of palaeoclimatic evidence have led to a questioning
of the orthodox explanation for the seemingly abrupt collapse of the I&.m@uwn
(Indus) civilization of northern India and Pakistan —a shift towards climatically
drier conditions ¢. 4450—3750 calibrated radiocarbon years ago (Singh ez a/.,
1972, 1990). Based on improved dating control, it is now believed that
the climatic shift occurred earlier than previously thought (Enzel ef 2/., 1999),
and that a recognizably Harappan culture continued to flourish along the
Indus and its tributaries for at least another 1000 years following the onset
of desiccation. A range of evidence now indicates that the eventual .&mammm. of
Harappan civilization was brought about by a combination of factors, including
geomorphic capture of the Sarasvati river (Valdiya, 1996), the _umem.oéa._ of
trade and an increased emphasis on local resources, leading to overexploitation,
environmental degradation and reduced agricultural productivity (Weber,

1999).

FROM CAUSE AND EFFECT TO CAUSATION

The idea that the environment determines the features and fates of human
societies, the basis of the theory of environmental determinism, became an
important component of the explanatory toolkits of many geographers during
the late nineteenth and early twentieth centuries. For example, Hellpach (1911),
Semple (1911), Huntington (1915, 1926) and Taylor Qowﬁ Hw%ov actively
promoted the idea that just as the outward appearances of B&_Wmmmw owed
much to Darwinian processes of natural selection, in which the environment
acts as both a driver of change and as a constraint on attainment, so too did
characteristics such as perceived levels of innovation and economic development.
Environmental determinism has always had a climatic basis owing to the
major role of climate in influencing overall environmental conditions. Ucmnm
the nineteenth and early twentieth centuries the theory came to underpin what
Livingstone (1991: 414) terms a ‘moral discourse of climate’, évwwr was woﬁb&&
upon and led to the reinforcement of a belief that ‘salubrious climates m—wnr as
those of northern Europe ‘produced superior peoples; pernicious climates’ such
as those of the tropics ‘propagated inferior stock’ (Livingstone, 1991: 426).
Environmental determinism also penetrated disciplines other than Geography,
notably the medical sciences. Thus distinguished figures in medicine, .mﬁmw
as Dr Andrew Balfour, Director of the London School of Tropical Medicine
(1923-1931), maintained that exposure to what were perceived to be enervating
tropical climates was likely to lead to a deterioration in the physical, mental and
even moral state of European colonists (Kennedy, 1990). Environmental &mwmn-
minism did not go unchallenged, however. Richardson (1996: 213) emphasizes
that ‘not all Western thinkers and policymakers accepted the ideas of
environmental determinism and the social Darwinism that it embraced’. Those
who questioned its explanatory appeal were in the ascendancy by the early
twentieth century, with Carl Sauer (1952) arguing that human agency wasa far
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more potent force than had hitherto been assumed. More recently, Milton (1998)
concluded that a greater appreciation of the complexity of both human culture
and the environment and of the presence of cultural differences under relatively
homogenous environmental conditions has further undermined the explanatory
appeal of environmental determinism.

Two theories that rose to prominence during the twentieth century, partly in
response to challenges to environmental determinism, are based on the
assumption that ‘choices are available to societies in a given environment, and
that similar environments could host different human adaptations’ (environ-
mental possibilism), and that ‘for a given society, one {possible adaptation}
.. .1s ... probable’ (environmental probabilism) (Knight, 1985: 20; and see
Figure III.1).

Important weaknesses in the environmental determinism family of theories,
aside from their links to positivism and reductionism, are their deficiencies in
explanatory power — they are worldviews that explain everything and nothing
— and indications of how a study of human—climate interactions might be
conceptualized. Critically they largely ignore the purposive and reflexive
characteristics of human agency. A far more powerful means of addressing
the complexity of interactions between natural hazards and human societies is
needed, one that incorporates both human agency and environmental processes
and that conditions the shaping of society in ways that influence its vulner-
ability, as the following example of the onset of the Little Ice Age (LIA) and its
intersection with the Great Famine in northern Europe during the early AD
1300s seeks to illustrate. A critical realist approach potentially provides
a way forward in this respect. Rather that relying upon relatively simple and
regular cause—effect relationships or vague notions of human—environment
interactions — characteristics of the environmental determinism family of
theories — critical realism provides 2 multilayered conceptual framework in
which societal outcomes are seen as contingent, and emergent from a conjunc-
tion of a range of mechanisms and structures that are influenced by and influence
both environmental and social conditions (Sayer, 1984, 2000) and go on to
influence future outcomes. For critical realists therefore an understanding
why something happens ‘has nothing to do with the number of times we have
observed it happening. Explanation depends instead on identifying causal
mechanisms and how they work, and discovering if they have been activated
and under what conditions’ (Sayer, 2000: 14). The identification of causal
mechanisms, how they work and whether and under what conditions they have
been activated comprise the critical realist view of causation.

LITTLE ICE AGE CLIMATES AND THE GREAT
FAMINE IN NORTHERN EUROPE, AD 1315-1322

The LIA was the most recent period of global glacier advance when temperatures
were on the whole sufficiently low for glaciers to remain enlarged relative to the
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present. The beginning and end dates of the LIA vary from place to place, but
are generally fixed at c. AD 1250—1300 and . 1850—1890 (Grove, 2001). The
timing of maximum severity also varies from place to place, with lowest mini-
mum summer temperatures across many patts of Europe during the lare AD
1500s, the 1600s and the early 1800s (Phister, 1981).

The cause of LIA cooling is not known for certain, but variations in oceanic
and atmospheric circulations are likely to have been important. Cold, dense,
saline water is transported out of the polar latitudes at depth, to be replaced in
the Global Ocean Conveyor (GOC) by relatively warm, surface-level currents
of water (Broecker, 1991). In the North Atlantic, warm poleward-heading
currents of water forming the Gulf Stream deliver heat to the Northern
Hemisphere (equivalent to around 30 per cent of the direct input of solar
energy according to Broecker and Denton (1990)), with its eastern arm, the
North Atlantic Drift, ensuring that northern Europe is climatically relatively
warm. In addition to affecting climate directly, ocean circulation is linked to
atmospheric pressure patterns, and therefore indirectly to air temperature,
precipitation levels and the incidence and severity of storms. In the mid-
latitudes of the Northern Hemisphere, upper atmospheric flows are dominated
by westerlies, which arise in response to temperature differences between high
and low latitudes and that exert a strong influence on weather conditions at
the Earth’s surface (Edwards, 1998). Two of the major features of pressure
distribution, the Icelandic Low and the Azores High, are connected in a see-
saw arrangement known as the North Atlantic Oscillation (NAO) (Figure 7.1).

Rogers (1984) and Hurrell (1995, 1996) have defined indices of the NAO
based on sea level pressure anomalies from recording stations located close to
the areas of high and low pressure. Based on their research, a high-index pattern
is characterized by an intense Iceland Low and a strong Azores High, whereas
the see-saw effect is reversed during low-index conditions. The NAO index
represents the strength of the mid-latitude westerlies. High-index NAO
conditions are commonly associated in northern and western Europe with strong
westerlies, a high incidence of storms in northern parts and mild winters, while
low-index conditions are associated with incursions of cold polar winds from
the north and east and therefore with much colder temperatures (Polonsky and
Basharin, 2002). In extreme cases, low-index conditions cause a reversal of
temperatures over Greenland and Europe (known as Greenland Above) (Fagan,
2000b).

Both the GOC and the NAO vary through time. Short-term fluctuations
(days to weeks) in the NAO are thought to occur due to atmospheric processes
alone. Long-term variations (months to decades of years) however appear to be
intimately connected with alterations in the GOC, which itself is sensitive to
perturbations caused by changes in insolation arising from variations in the
Earth’s orbit and, over shorter timescales, more subtle variations in solar activity,
the salinity of polar waters (for example as a result of increased freshwater input
from melting ice (Rahmstotf, 1994, 1995, 1997; Manabe and Stouffer, 1995))

and sea surface temperature anomalies in source areas for warm tropical waters,
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E cold air z high rainfall H cold air flow
l warm air m winds A _ warm air flow
§ Sahara dust

Figure 7.1 Distribution of low and high pressure cells in the North Atlantic, forming
the North Atlantic Oscillation (NAO).
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such as the West Pacific Warm Pool (Hendy ef @/., 2002). A reduced GOC may ,

have caused cooling during the LIA (Bianchi and McCave, 1999; Broecker,

2000), with any affect mediated through the NAO. Reduced solar activity

may also have been a factor: according to Pfister ez /. (1996), three periods of 10+

reduced insolation are recorded for the LIA in Antarctic and Greenland ice

records; the first of these, the Wolf (oD 1280-1350), incorporates the period 5

of the Great Famine in northern Europe. Two other periods of low insolation,

recorded in Antarctic and Greenland ice cores, are the Spoerer (AD 1420-1540) "

and Maunder (AD 1645—-1715) minima. . 25 . 1550 00 AD
Climate conditions in Europe during the early part of the AD 1300s may also |

have been under the direct influence of a prolonged low-index NAO (Pfister

¢t al., 1996). Climaric cooling appears to have affected Europe soon after AD

15~

_H_ Channel coasts
Il North Sea coasts

1300 Gmmmﬂnm 7.2). Lamb (1995: 195) states that the mml% 1300s were marked 20th-century total estimated as 4/3 (1900-1975) total

by an ‘extraordinary run of wet summers, and mostly wet springs and autumns, Figure 7.3 Incidence of storms and floods in coastal areas bordering the North Sea and

between 1313 or 1314 . . . to the early part of 1321 . . . {following} closely English Channel during the period AD 0 to 2000.

upon one of the really notable periods in the Middle Ages of mostly warm, Source: based on Lamb (1977, 1995).

dry summers, from 1284 to 1311’. According to information compiled by

Alexandre (1987) from a large number of narrative soutces, the early part of the the entire Middle Ages; winters were exceptionally cold throughout the period

AD 1300s in Europe was associated with some of the most severe weather in 1310-1330 and the summers were unusually wet between 1310 and 1320.

Climate deterioration seems to have ushered in a period of synchronous dune

50 30w, development across northern Europe (Wilson and Braley, 1997) and devastating

_ storms and floods were widely and frequently reported (Figure 7.3). Sand
mobilized by a storm around AD 1316 may have caused abandonment of the

port at Kenfig in southern Wales (Lamb, 1995).
Severe weather in northern Europe during the period AD 1310 to 1320, when
anomalously cold winters alternated with unusually wet summers, overlapped
L with a period of acute and widely felt shortages of food, known as the Great
Famine. An excess of 30 million people occupying an area of around 400,000
: miles? in northern Europe may have been affected (Jordan, 1996). Extreme
e ¥ . . zSa___“m 1o 198 ) food shortfalls were experienced throughout the British Isles, with the possible
poor ﬂwﬂ.gwmﬂmﬂ?m@Mﬂuﬂwhﬁ%_&mcma_. e exception of northern Scotland, and across continental Europe in a belt that
fopeit'®  Continual_ sevese e extended from the Atlantic to the Baltic, and from southern Scandinavia in
i Nw. T the north to the Alps in the south. The extremely poor weather hampered
- -==n wwmh.c._ B sl cultivation of soils already depleted of nutrients and susceptible to erosion and
if) mountains compaction, caused problems at harvest and during storage and transportation,
and facilitated the spread of fatal diseases (or murrains) among domesticated

animals.

Huge numbers of people died during the Great Famine. Echoing food crises
L2 of more recent times, many deaths are thought to have resulted from the spread
of diseases such as typhus among people weakened by a reduced calorific intake

Good trea growth
in Finnish Lapland

Food
export
restricted -

Protonged

30°N
e and forced to cluster around the few points where food was available. Parts of
heavily populated rural areas in southeastern and south-central England, for
Figure 7.2 Europe in the early AD 1300s, and some of the main crises associated with example, may have suffered a 10—15 per cent reduction in population during
the Great Famine. the years AD 1316-1318 (Jordan, 1996: 118). The death toll was also high in
Sources: based on figures in Lamb (1995) and Jordan (1996). many towns, where dispossessed farmers and unemployed farm labourers

150 151




DAVID TAYLOR AND ANNA R. DAVIES

inflated the numbers of the dead: inhabitants of Ypres may have suffered 10 per
cent mortality during the summer of 1316 alone (Jordan, 1996: 146).

MULTILAYERED PERSPECTIVES

It would be easy to be seduced by apparent synchroneities berween archae-
ological, climatic and historical evidence into concluding that the Great Famine
was the result of a production crisis caused by successive years of poor weather.
Such 2 conclusion fits easily within a perspective framed by the environmental
determinism family of arguments, which prioritize the environment over
human agency and positivist over realist modes of causation. However, while
anomalous weather conditions held considerable importance for a minority
of people living in specialized environments (Dyer, 1989), the perspective
ignores the complexity of factors contributing to food insecurity. As demon-
strated by recent famines, the most acute and widespread shortages of food are
usually associated with a deep malaise within societal structures and political
frameworks (e.g. Sen, 1981; Arnold, 1988; de Waal, 1997) in addition to the
occurrence of natural hazards.

Furthermore, the adoption of a predominantly environmental perspective
cannot fully account for the highly variable nature of human experiences of
the famine. Minor lords and the rural and urban poor were generally the
most severely effected. Others fared less badly; in England the sale of land by
bankrupt lay and ecclesiastical lords allowed major landowners to consolidate
their holdings and the development of a class of peasant farmers who owned the
smallholdings they farmed (Dyer, 1989), while other individuals benefited by
profiting from the sale of commodities, such as salt, at hugely inflated prices.
Nor can the perspective provide an adequate explanation of why people in
northern Europe were never again to experience food shortages of the extent or
acuteness of the Great Famine (Jordan, 1996), despite the LIA continuing for
another 500 years ot so.

Some of the mechanisms and structures that predisposed northern European
society to famine can be traced to contradictions within and interactions
between a largely feudal society and the environment and were already in place
by the early AD 1300s. Throughout the area affected by the Great Famine,
levels of human populations had increased dramatically during the preceding
hundred years or so; according to Abel (1980) the population of England
had increased from around 1.5 million in the late AD 1000s to around 5 million
by AD 1300, whereas that within the present borders of France had increased
in roughly the same period from around 6.2 million to possibly as many as
21 million. By comparison, economic growth was comparatively sluggish,
particularly during the late AD 1200s. Agricultural production, although
more market oriented in less remote locations than it had been previously, was
hampered by shortages of inputs in the form of capital investment and manure,
with increments in output dependent upon extensification of farming rather
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than intensification. An important reason for the growing crisis in agriculture
was the disincentive to invest that was inherent within a feudal society (Bois,
1984) in which goods, services and cash flowed from peasants to the lords, to be
spent ‘on extravagant living, on the maintenance of numerous retinue, and on
war’ (Hilton, 1975: 177) rather than on the development and implementation
of new technologies.

By the beginning of the fourteenth century competition over access to natural
resources was severe, and a large proportion of the population farmed land
that had recently been cleared of its forest cover (recently assarted land), or
had previously been regarded as far too marginal to sustain agriculture. The
productivity of long-farmed land was also in decline, because of the degradation
of soils, continued mismanagement of the land and an increasing incidence of
diseases of domesticated animals and plants. There is also good archaeological
evidence that reductions in carcass weights of all the major domesticated
animals had taken place in England by the AD 1300s, when compared to those
of Roman and Anglo Saxon times, presumably because of a reduction in the
availability of good pasturage (Grant, 1988). A limited infrastructure meant
that it was extremely difficult to offset the impacts of these trends by shifting
goods, including food, from areas of surplus to areas of high demand, a situation
made worse by periodic warfare.

Inflation was also a factor. The prices of a range of commodities, including
grain and salt, rose quickly during the early stages of the Great Famine, due
in part to the requisitioning of supplies for armies, leaving wages in their
wake. Here too the problem had its roots in earlier centuries, when population
increases activated price rises above those of wages, so that by AD 1316 prices
in England peaked atr 150 per cent above and real wages fell to 75 per cent
below their respective long-term averages (Campbell, 2000). Price hikes were
a particular problem in towns where many people had no means of producing
their own food and were increasingly squeezed by their weakening purchasing
power. Inflation was also detrimental to many lay and ecclesiastical lords, whose
incomes were largely derived from fixed rents. Jordan (1996) cites a number
of cases of landowners who resorted to various means of rescheduling their debts,
including annuities and the alienation of properties, or who were eventually
forced to sell part or all of their properties, often at discounted prices. The
collapse of income also caused some lotrds, especially those with small estates,
to forsake direct exploitation of farmer-serfs in favour of leasing land to richer
peasants. For many, financial problems were aggravated by high taxation to
fund wars and planned crusades, and by the need to meet numerous demands
for oblations. For example, thousands of actes of reclaimed marshland in eastern
and southern England were lost to the sea as increasing royal taxation reduced
the abilities of coastal communities to maintain sea defences at the very time
that the frequency of storms and looding was on the increase (Campbell, 2000).

It is perhaps surprising that seven years of anomalous weather conditions and
famine in northern Europe did not lead to major and permanent societal
changes, especially given that relationships between past periods of climatic
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change and transformations in society have been proposed for other parts of
the world. The Black Death, a Europe-wide phenomenon that had its greatest
impact on mortality in England between July 1348 and December 1349
and that recurred at intervals during the later part of the AD 1300s, had a far
greater societal impact, bringing about a massive fall in demand for agricultural
produce, disruptions to networks of trade and eventually major changes in
farming (Campbell, 2000). The mobilization of available resources, including
measures aimed at preventing the hoarding of food and price speculation,
encouraging increased grain imports to compensate for harvest shortfalls,
providing alms, mobile food kitchens and credit facilities, and the suspension
of rents (Jordan, 1996), must have been critical to the prevention of more
profound societal outcomes to the Great Famine. The structures of society are
also likely to have played a part. For example, many people will have assumed
that the prolonged catastrophe was due to a vengeful God, who was keen to mete
out punishment on a sinful population (see, for example, Nicholas, 1992), and
will have increased their piety and oblations accordingly. Through factors
such as these elements, of northern European society, although shaken, were
stirred to intervene to preserve the status quo (see, for example, Mate (1991:
89) in reference to southeast England).

Rather than a simple relationship in which anomalous weather conditions
were the major determining causal factor, the Great Famine emerged from
the conjunction and interaction of a complex of causal agents, one of which
was a prolonged and initially unexpected deterioration in the weather around
the beginning of the AD 1300s. Human agency was also critical, however, both
in predisposing sociery to famine and in attempts to mitigate its most severe
impacts. Northern Europe experienced a relatively rapid recovery in the after-
math of the Great Famine (Jordan, 1996). In hindsight, it could even be claimed
that the crises of famine and plague during the AD 1300s resulted in a strength-
ening of European society. Dyer (1988) suggests that improved nutrition
may have been one consequence, following changes in agriculture, population
levels and increases in wages over prices. Reduced densities of population in
some parts of England, together with the consolidation of holdings, contributed
to increased capital investments, greater innovation and improved efficiencies
in agriculture (Campbell, 2000). Similar developments across northern Europe
presumably led to reduced vulnerability to severe food shortages, providing a
possible explanation as to why food crises of the magnitude of the Great Famine
did not recur during subsequent periods of anomalous weather conditions.

CONCLUSION

1 The conjunction of several environmental and social factors during the
early AD 1300s increased vulnerability to major famine by predisposing
extensive parts of northern Europe to severe food shortages. Some of these
factors, including discrepancies between agricultural production and
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demand and wages and the cost of food staples, had developed over
preceding centuries.

2 A number of consecutive years of anomalous weather in northern Europe
during the early AD 1300s, most likely driven by natural oscillations in
atmospheric and oceanic circulations, acted upon this predisposition to
trigger a prolonged and in many instances an acutely felt famine.

3 Anomalous weather conditions were not the sole determinant of severe food
shortages, nor did they determine collapse or even major changes in society.
Moreover, subsequent periods of poor weather during the Little Ice Age did
not have a similar level of impact on the availability of food.

4 Numerous attempts to link climatic variability to human history have
utilized increasingly sophisticated sources of information. By comparison,
little atrention has focused on theoretical issues. Consequently, the environ-
mental determinism family of theories has continued to influence attempts
to explain apparently synchronous climate and societal change data.

5 Unravelling the complexity of interactions between climate change and
human society demands an approach that recognizes the importance —
and provides a means of establishing the characteristics — of human agency
and societal structures in shaping vulnerability. Critical realism, which
offers a multilayered and potentially interdisciplinary framework of study,
deserves further consideration both as a means of researching vulnerability
to natural hazards and as part of the theoretical foundations of a unified
discipline of Geography.
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