CLIMATE,
HISTORY AND THE
MODERN WORLD

Second edition

H. H. Lamb

39031LN0Y

London and New York




10

THROUGH VIKING TIMES TO
THE HIGH MIDDLE AGES

ASYMMETRY OF THE MEDIEVAL WARMTH OVER
THE NORTHERN HEMISPHERE

As indicared in the lase chaprer, there seem to have been some regions of
the world — particularly in low laritudes and in the Antarcric, possibly also
around the north Pacific and in parts of the Arctic — where the rather
greater warmth of the climate established around AD 300-400 continued,
with variations bur more or less unbroken, for several cenruries longer and
in some cases right through ro AD 1000-1200. In Europe and much of
North America, as well as in the European Arctic, there clearly was a break.
Bur by the lare rench to twelfth cenrturies most of the world for which we
have evidence seems to have been enjoying a renewal of warmrth, which at
times during those centuries may have approached the level of the warmest
millennia of post-glacial rimes.

China and Japan evidentdy missed this warm phase. A warm period can
be discerned in the historical records in those countries from about AD
650 to 850, more or less covering the time when Europe had irs colder
break. But in the eleventh and owelfth cenruries the dara collected by the
lace Dr Chu Kochen make it clear char the climare of China took a much
colder turn, with frequent references to snow and ice in the winrers and
snows a month later in spring than in the presenc century. The plum trees
were disappearing in north China; frosts killed the mandarin trees in the
coastal province near Shanghai and the lychees in parts of the south. In
Japan the long records of the dares of the cherry blassom in the royal
eardens ac Kyoto indicare on average the earliest springs in the ninch century
and the latest springs of the whole record in the owelfth century, when the
mean dare was a fortnighe later chan it had been three hundred years earlier.
There are hints that this was a cold time genesally in and around che wide
expanse of the North Pacific Ocean. If so, part of the explanation of
the medieval warmeh in Furope and North America, extending into the
Arctic in the Adantic sector and in at least a good deal of the continental
secrars on either side, must be thar there was a persistenc tile of the whole
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circumpolar vortex (and of the climatic zones which it defines) aw av from
the Atlancic and towards the Pacific sector, which was rather !J&':JL'I.{"'W[I_
affecred by ourbreaks of polar air.

[n rhis chaprer we shall concentrate our study on the Adantic side of

the J:cumphtrf_ and the lands where the warmeh of che high Middle Ages
was most marked, since it happens thac these are the areas where both the
climaric and the human historical record are ar present most accessible,

THE MEDIEVAL SEQUENCE IN NORTHERN EUROPE
AND THE NORTHERN ATLANTIC

The reconstituted western empire of Charles the Grear did nor coincide
with & particularly favourable climaric p-:*nod Nor did it last very long,
The campaigns by which it was established berween about 770 and 800
seem o have been in a time wich more chan usual wendency ro cold winers;
the other seasons, although perhaps more often dry than wet, revealed both
drought vears and some vears when floods creared difficulries. There is a
';up,g‘mml in this that it may have been ane ol those times whl;:"l ‘blocking
of the westerlies’ by anticyelones in this or thar longitude in £3-63 °N was
frequent, with a consequent disposition to exereme seasons of various, even
opposite, sorts depending on where the stationary anticyclone lay: but
further evidence is required before we can be sure of this.

Where there is no reasonable doube is that over the next three o four
centuries. as reports indicating the character of the seasons in Europe
become more numerous. we see that the climare was warming up (cf. figs.
30 and 39), undil there came a tme when cultivation limics were higher
on the hills than they have ever been since, Trees seem also to have been
spreading back rowards the heights. Cerrainly the upper tree line in parts
of central Europe {cf. fig. 53) was 100=200 m higher than it became by
the seventeenth century. The isotope record from the Greenland ice-sheer
(hg. 36) shows us that the climate had already been in a relatively warm
phase in the far north since AD 600, though the warmech there oo was
becoming more sustained and was increasing, On the heighes in California
the tree ring record (fig. 32) indicates thar there was a sharp maximum of
warmrh, much as in Europe, berween aD 1100 and 1300,

The variations shown by the more than one-thousand-yeurs'-long record
of the rree rings in European oaks from the lowlands of Germany are harder
to interpret climarically, because both temperature and rainfail come into
it. The records from different areas agree in producing the extreme
narrowest and the extreme widest ong series both within the tmes covered
by this chapter, The extremely narrow rings prevailing in the tenth century,
especially berween about 910 and 930 and again in the 9905, must surcly
indicate prolonged and repeated drought. One cannor sugeest that any
general coolness of the summers was responsible; the sparse documentary
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VIEING TIMES TO THE HIGH MIDDLE AGES

(eCofds pOINL More o some of the summers being notably hot, The impres-
¢an on present daca is rather thar the rench century saw a remarkabie
ymount of anticyclonic weacher over Britain, Germany and southern
Seandinavia, giving low rainfall, cather warm summers and racher cold
winters. The Tarrer point seems to be confirmed by the numerous bone
skates revealed by the archacological investigations in York fram rthe Anglo-
Geandinavian period in thae city. The other excreme of the German oak
chronologies occurred berween about the years 1052 and 1160, when che
decade average ring widchs were 35-80 per cent wider than in the renth
century. We may deduce, if not excessive weeness (apart from isolared vears),
4t least mare moisture than in the 900s and general warmch of the growing
seasoms. OF this warmth we shall see further evidence in the following
pages.

There is no mistaking the fact that there was a general opening our of
the European world in the period we are considering in this chaprer. How
much of it was direcily dependent on the more genial climatic regime
which developed?

There had been Furopean seafarers occasionally wandering our over the
norchern Atlantic long before Viking rimes. Prominent among them wers
frish monks apparently seeking peaceful shores on which to establish a
foorhold far from the rroubled times of cultural decay and barbarian migra-
rons in Europe in the fifth and sixeh centuries and after, [t has been
supzested that the annual migrations of the wild geese to and from Iceland
and the Arcric gave them confidence thar there was land ro find in the
north, One must suppose rthar there s some subseratum of fact in the
legendary voyage of St Brendan ac some time between around AD 520 and
550 and that he got far enough in the direction of Greenland o encouncer
wcebergs, Cermainly Dicuil, an Irish monk writing AD 815,7 assures us that

there are many other islands in the ocean . . . which can be reached
in two davs and two nighrs direct sailing from the norchernmaost parrs
of the Bridsh Isles wich full sails and a Fair wind. . _ . Some of chese

shands are very small . separated [rom one another by narrow
sounds. On these islands hermits who have salled from our Scoria
li.e. Ireland] have lived for abour 2 hundred wears. But, even as they
have been ., uninhabired from the world’s beginning, so now because
of Norse pirares, they are empty of anchorires, but full of innumer-
able sheep and a great many different kinds of seatowl.

The islands here described zre by general agreement the Faeroes, which
were therefore seteled by lrish monks as early as about ap 700-25. (1 have
used the transtation given by Gwyn Jones in A History of the Vigings, Oxford
University Press, 1968.) Bue they left around 800, when the Vikings first
appeared, The Vikings' Arst recorded exploration o lceland (under Floki
Vilgerdason) was neor uncil abour 860, though two earlier Scandinavian
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viwages had been blown there accidencally a few vears before. The Norse
sertlement on the istand seems to have begun during the 860s. Bur they
tound that Irish monks had preceded them. “Dicuil IZPOLTS ONe VISIC 28 e:a-'lv
as the 79s. The Irish account records that the sea was frozen one d.:g,-_-

sail north from Iceland, and Floki’s party observed one of the big fords of

norchwest leeland (Arnarfjord) choked with ice. Bur after that time there
is little mention of ice — only brief and, according o Lauge Koch,” doubeful
reports of it in 1010-12, 1015, 1106, 1118 and 1145 — on che scas near
leeland unul the 1190s, when it reappeared in some strengeh berween
[celand and Greenland, and in July and August of the year 1203 ir was ar
the coast of leeland.

It seems likely thar the beginning of the era of Seandinavian sea-going
explorations, as of the rough story of Viking raids which harried the const
of Europe from the 790s onwards. came with the mastery of sail by the
northern peoples, Even then, they had no lodestone or compass unel
centurics larer. Bur che spread of cheir voyages north into the Arcric and
west to Greenland, and ultimately to Newfoundland and apparently into
the Canadian Arcric north of Baffin Island, surely owed a grear deal o the
long period of retreat of the sea ice and probably a relative immunity from
severe storms. Owar, or Othere, whose home was in north Norway, told
King Alfred in England of an exploration he had made abour an 870-80
beyond the customary range of the whalers of those days, evidently to the
White Sea. And Harald Hardride who was king of Norway and England
15 reported by Adam of Bremen w have explored ‘the expanse of the
Northern Ocean’ some time berween 1040 and 1065 with a feer of ships,
bevond the limits of land (Spitsbergen or Novaya Zemlva?) o 2 point where
he reached ice up o 3 m thick and ‘there lay before their eves ac t lengch
the darksome bounds of a failing world’. The medieval leelandic '-.EI][I'IL'
directions covered voyages. reckoned to take four davs, north to S albard
‘in the palar gul”, which it seems from m:_ sailing time must have meant
the east Greenland coast berween 70 and 72 °N (nort the 'ﬂnlhh{,rh n arch-
ipelago, to which the name is now :lpphtd}. This coast was discovered in
1194 and seals, walrus and whales were hunted there already before the
vear 1200, Very soon, however, the increasing ice evidently pur a stop to
this, and the same coast seems o have heen rediscovered in an casier year
abour 1285; bue by 1342 the ice was so much increased chat che old sailing
route from lecland ro Greenland ac the 63th parallel of laticude had to be
abandoned for one farcher south. Later, communicaton with Greenland
was lost altogerher,

The North American coast, Vinland for Wineland) 1o the Norsemen.
like lceland and Greenland (where che first Norse sertdement was estab-
lished in the 980s) before it, was discovered by accident, by ships being
blown off course, abour AD 1000, The site of only one sectdement, ar LAnse
aux Meadows in northern MNewfoundland, has so far heen discovered.
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VIKING TIMES TO THE HIGH MIDDLE AGES

ril.ﬂl.tgh anather farcher souch is also referred to in dhe sagas. It seems, in
any case, that the serlement and the America voyages were discontnued
after a few years, and it appears that difficulties with the native inhabirans
rather than weather or sea ice were the cause. Further accounts indicate
that crossings from the Old Norse sertlements in west Greenland o
warkdand (Labrador) were resumed muoch later, in the fourteenth century
{one as late as 1347), when the climate and ice conditions had deterio-
sared and communications with Europe had almost ceased, 1o collect timber
for building.

Thart the waters off west Greenland in the heyday of the Norse sercle-
ments were ar least as warm as in the warmest periods of the present ceneury
is indicated by the abundance of cod which the inhabimancs caughe, the
bones of which are found in their middens. We may probably safely
conclude that an even greater warm anomaly occurred in the quiet waters
within the fords of southern Greenland west of Cape Farewell from another
circumstance, a rare case where the limics of tolerance of man himself may
vield reliable information on past temperatures. For it is recorded in the
L andndmabdk, 1 book wrirten in leeland abour 1129 caraloguing the sertle-
ment of leeland a couple of centuries earlier and describing the Old Norse
sertlement of Greenland becween AD 985 and 1000, thar one of the first
Greenland setlers, Thorkel Farseck, a cousin of Erik the Red whe founded
the colony having ne serviceable boat at hand, swam our across
Hvalseyjarfiord to ferch a full-grown sheep from che island of Hvalsey and
carry it home o entertain his cousin. The distance was well over owo miles.
Dr L. G, €. E. Pugh of the Medical Research Laboratories, Hampstead,
has given his opinion, from studies of the endumnce of Channel swim-
mers and others undermaking similar exploits, thar 10 °C would be abour
the Jowest temperarure ac which a strong person, even if fat, noc specially
trained for long-distance swimming, couid swim the distance mentoned,
As the average (emperatures in the fjords of thar coast in August in modern
times have seldom exceeded 6 “C (43 1o +6 °C being more typical), it
scems that the water must have been ac least 4 °C warmer chan this limir
in the year in which Thorkel swam it and brought home his sheep.

Orher items point to a similarly grear departure of the temperatures
ashore in thar area: for Old Norse burials ook place deep in ground which
nas since been permanentdy frozen. It is harder, however, o be sure of the
climatic implicarions of another report from the time of the old Greenland
colony. Lauge Koch cites a medieval report that in 1188 ar 1189 — Le. ar
a time when the climare in the area may already have begun to be colder
and the sea ice o reach somewhae farther down the coast rowards south
Greenland — a ship. the Stangfolden, on passage from Norway w Iceland
came to be wrecked off the east coast of Greenland. Some years larer, about
1200, the dead bodies of seven of the ship’s company were found in 2
rocky cave near that coast, among them the clergyman Ingemond who had
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left a written report in runic lecters on their fate beside him. Ingemond’s

brother, also wrecked abour the same rime, is repo
with two other men, in crossing the southern pare

d to have succeeded,
of the inland ice, only

to perish when near the main Norse sertlement in Greenland, the so-called

East Sectlement (actually cheir southernmost sewle
Cape Farewell. This suggests that the intand icc in ¢
not thought of as such a hostile environment that
on it in an emergency, but nevertheless the going

ment), a lictle west of
at neighbourhood was
ane would nor venture
would be easicr in the

absence of melting and a crossing would doubtless| require some days of

reasonably good weather withour srong winds.

By about AD 1250 the Kings Mirror (Konungs Jfugasid), a Norwegian

work of thac time, reporrs thar

a5 soon as the great ocean has been rraversed dhere is such a grear

superfluity of ice on the sea thar nothing like i

15 knawn anywhere

else in the whole world and it lies so far our from the land that there
is no less than four or more days journey thereunto on the ice, but
this ice lies more o the NE or N ourtside the land than to the § and

SV or W
A further passage about Greenland around 1250 in

the same work reports

that ‘men have often tried ro go up into the countryjand elimb the highest

mounrains to look about and see whether there was
and habirable’. A number of reports indicare thar in
stages of the climatic deterioration the MNorse Gree
once more to wam more widely afeld in search of

any land free from ice
this period of the early
hltanders were induced
marerials and hunting

food, including penetration farther north than Hefore to the west of

Greenland, rcaching Baffin Bay and ma.king contact
were tending to move south,

with the Eskimos who

Having to this exrenr raken the measure of the c:}.rly medieval warm

period at the limits of the Aretc region reached

by the contemporary

Europeans, let us now look at the evidence from othet regions. The northern
lirnits of the cultivation of grains show a corresponding expansion of range
during the cencunes with which this chaptcr is concerned. Grain was grown

in leeland from the ume of the hArst Norse sertlers

there, apparently fairly

conuinueusly, unril its abandonment in the late sigteenth centurv. There

was also undoubtedly more serub birch woodland
of the sertlement than ar any tme since, though

there in the early days
the settlers chemselves

seem to have been largcly rcsponsiblc for its destruedon. les area is believed
to have been reduced from perhaps a fifth of the copntry o 1 per cent by
the thireenth cenmury. Invesrigation by Dr G. 5. Beulton, with colleagues
from the University of East Anglia and from lcgland, of 2z farmhouse
site ar Kvisker in southeast Iceland that has been Ddcupied for 2 thousand
vears revealed that the oldest of the successive hoyses on the site, dared
before che voicanic ash layer of AD 1090, was the biggest and rchest.
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VIKING TIMES TO THE HIGH MIDDLE AGIES

Fig. 62 One of the ancient farms, Svinafell, in southern Icelagd, established in

the earlicst sertlement times on a south slope. A grear glacier jcan be seen now

flling the valley close o the site of the farm. (Kindly supplicd by Dr Sigurdur
Thorarinsson of Reykjavik and reproduced by permision.)

fis midden contained relics of diverse and luxurious foods, including
(imported) oysters. And the forest surrounding che farmed land there
produced birch stumps of a good size, never atained singe. From pellen
analysis it appears thac the farmer at Kvisker gave up growing oats abourt
AD 1200 and reduced the amount of barley grown by abgut a half. In the
next century much of the ground was covered by river grgvels and part of
it by a glacier (see fig. 62).
?

THE PEAK OF MEDIEVAL WARMTH IN {EURQPE

In Norway some kind of corn, probably barley, was growh as far north as
Malangen (69% °N) in norch Norway, at least from Ouedr's time {(around
880} until the eleventh century, and wheat in Trendelag, dhe districe abour
Trondheim, where pollen smudies and other records agair] indicate thar it
came to an end sharply in the later Middle Ages. Professor Andreas
Holmsen® reports thar it was just berween about AD 800 and 1000 thar
the area of forest clearance and serdled farming in Norway{ which had long
remained more or less static, spread 100200 m farther up the valleys and
on to rhe higher ground. Most of this ground was lost agaip after AD 1300.
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Fig. 63 Relics {ridge and furrow) of medieval rilled Belds berween 350 and 400

m {1150-1300 f) above sca level on the heights of Daftmoor in southwest England

beside the abandoncd sctticment of Houndror which lies just to the ek of che

picture. The Greator rocks arc scen in the Fic:ru:c (Phumgraih. copyright by
)

G. Beresford, who kindly supp

1ed it fpr this boo

s u

Fig. 64 Ridge and ﬁ;rrﬂ, the result of thirccenth-cenpury dllage, seen on the fells
on a south-facing stope above R:-:lcsdalT. I\Iorthumb rland ar 300--320 m above
sea level.
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. Vineyard, usually 1-2 acres or size not khown.

p Vineyard, 5—10 acres.
@ Vineyard, over 10 acres.

) Denotes evidence of continuous operatiop for 30- 100 years,

) Denotes evidenes of continuous operatiop for aver 100 years.

Fig. 65 The distribution of known medicval vigeyard sites in England-

In many parts of Britain, also, tillage was extended to greater heights
than for some long time previously or since, ot Dartmoor in the south-

west (fig. 63) to abour 400 m (1300 ft) and in ]
Scoutish border (fig. 64) to 320 m (1050 ft). T

Morthumberland, near the
h AD 1300 one grange at

300 m (roughly 1000 fr) above sea level, belonging w Kelso Abbey, in the

south of Scorland had over 100 hectares of rili

, 1400 sheep and sixteen

cottages for shepherds and their families. An gpproximate gauge of the

temperatures prevailing in the summer half of

the year in England and

central Furope, serving as a check upon the figupes derived by the method
used in fig. 30 and explained on pp. 84-5, may be obrained by consider-

ation of the limit of vine cultivation in the M

ddle Ages and comparing

the present climates of those sites with the modgrn limits of wine produc-

tion. Fig. 65 is a map of the distribution of knd

bwn medieval vincyards in

England. The comparison indicates thar the avepage summer temperatures
were probably between 0.7 and 1.0 °C warmer than the twentieth-century
average in England and 1.0-1.4 °C warmer in cg
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CLIMATE, HISTORY AND THE MODERN WORLD

Fig. 66 The medieval English vineyard sice ac Tewkesbury, Gloucestershire. The

round slopes gendy nor:Ewards to a ditch in the |middle ground of the picrure,

%urely a frost hollow site, which suggests that the medieval cultivators were not
tnuch troubled with late Trosts in May pfter blossom time.

of the English medieval wine is indicated by the efforts of the French
trade at that time o have them closed down junder a ueaty). In England
particularly it seems thar there must have been less liability to frosc in
May in the period berween 1100 and 1300. ig. 66 is inceresting in chis
connecrion.)

Thus, it seems that the greac period of bhilding of cathedrals in the
Middle Ages, in what Kenneth Clark® has cglled the first great awaken-
ing in European civilization, and the sustaindd outburst of energy of the
Eurapean peoples, which produced among other things the more contro-
versial activities of the Crusades, coincided with an identifiable maximum
of warmch of the climate in Europe. Hugh Trevor-Reper’ makes no
comment on the climate buc notes che time arpund AD 1250 as the turning

point: !
the highest point of the European Middie Ages. . . . Up to thar date
we sce — from about 1050 onwards — only advance . . . growth of
population, agriculrural revelution, technological advance. The fron-
tiers are pushed forward in all directions. |. . Already in the middle
of the thirteenth century the territorial ekpansion had been halted

Cin 1242 the eastward advance of the cutonic knighes . . . was
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VIKING TIMES TQ THE HIGH MIDDEE AGES

held up by the ruler of the Russian Slavs. . . .|By 1300 all thav
emained of the Eastern Empire of Christendom was a few shrinking
relics of Greeee,

The warm phasc, which had alrcady passed its peak in Greenland in the
welfth century, seems to have broadly conu’nued;t Europe undl 1300
or 1310 though with 2 marked increase in the incidence of severe storms
in the North Sea and the Channel and with flooding disasters on the

low-lying coasts, The warmth may even have reached its maximurn ac this

lare stage: for there are documentary records to tell

us that it was in the

12805 thac the tillage reached so high on the Pennin[j:s and Northumbrian
moors thar there were complzines from the sheep fprmers thar too litde
fand was left for grazing. Such & peak of warmth in|the last stages before

Furope itself was affected by the down-turn of
Arcric would be meteorologically consistent with
2 strong thrust forward of the Arcric regime in the
Jand and Iceland, distorting the patrern of the circ

temperatures in the
the development of
longitudes of Green-
polar vortex with 2

sharp trough there and 2 recurrent warm ridge gver western Europe.

Something like this pawern secms o have recurred

tgmes in the middle

and later parts of the founicenth century, bringing) notable droughis in
Furope after an extremely wet phase which had marked the first break
in the early part of that century. (It is likely thac jsome of the troubles
sbout this cme with the massive buildings — cathedrals, churches and
castles, with collapsing towers and cracking walls and arches (fig. 67) —
were not so much duc to faults of design as to soil moisture changes and
consequent serding.)

The occurrence in medieval York of the bug Hererogaseer urricae (E),
whose typical habitat today is on stinging nertles in $unny locations in the
south of England, discovered by the city of York ar haeological invesriga-
rions to have been present there both in the Middi¢ Ages and in Roman
times, presumably indicates prevailing temperarurey higher than today’s.
Another revelation from insect studies is the abundance also in medieval
York of a beetle Aglenus brunneus (Gyll.) whose habirat preferences indi-
cate high temperatures generated in decaying vegerable refuse. Both these
discoveries hint at rather high prevailing temperatureof the urban environ-
ment itself in the tightly builc-up medieval city centre.

There are many indications that in eastern Europd, as in Greenland and
Iceland, a colder, more disturbed climare set in already in the 1200s. And,
indeed, as far west as the Alps, some wouble was caused by advancing
glaciers during the thirteenth century. During som¢ part of the warmest
period, perhaps in the tenth and early eleventh cerruries, there seems to
have been concern about droughr in the Alps: for a parer supply duct, the
Oberricderin, was laid from high up near the Alets¢h glacier ro the valley
below, and similar water supply installations were enjgineered in the Saastal
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Fig. 67 An arch deformed by subsidence in|Carlisle Cachedral. No movemenc

seemns to have occurred after abour 1300-50. Compaction of the site through

drying out of the soil in the previous cenruried has been suspeceed as the causc of
the damage scen (see pp. 197-8).

(also in Switzerlind) and in the Dolomites| only ta be overwhelmed by the
advancing glaciers berween 1200 and 1350. ‘
The ancient gold-mines in the Hohe Tduern in Austria and ocher high-
level mines in ceneral Europe, abandoned |before the time of Christ. were
opened up and worked again in the warmth of the high Middle Ages, only
to be abandoned again later. Underground water began o cause difficul-
ties abour 1300: at Goslar it was reported in 1360 that water had been
increasing in the mines in the Harz Mougrains for more than fifty years.
In Bohemia the same difficulty led 1o somemines being abandoned as early
as 1321. In the Alps some of the mine enfrances were again closed by the
glaciers.

THE CONTEMPORARY SCENE IN THE
MEDITERRANEAN, EASTERN EUROPE AND ASIA

In the Medirerranean, as also in the region of the Caspian Sea and on inta
central Asia, the period of warmth in high latitudes in the Middle Ages
seems to have been a rime of greater moisture than the present cenrury.
Lake levels were high, the Caspian Sea as fnuch as 8 m above its present
level during much of the dme berween the |ninth and fourteenth centuries.
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n Sea and on into Fig. 68 (a) The medieval bridge (Ponte del’ Ammiraglio - B idge ot;v thc;is At‘sin:.l:i:ﬂm).
the Middle Ages ‘ at Palermo, Sicily, buile in 1113 to span 2 much larger tiver dhan no cxiss there
; The River Orero, which has now been diverted, a5 seen in {p), was us rp;}
° present cehmuiry. up to this bridge when it was fist builc. (Phovographs kindly sc:Fled by Gene
above its present =l Fea of the Servizio Metcorologico, Acronaurica Militare{ lratiano, Rome.)

wrteenth cencuries.
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Two of the rivers of Sicily, the Erminio and [the San Leonardo, wgté}?

wit
described as navigable in the rwelfth cenwury - something which woud &% .
| now be impossible even for the vessels of those fimes. Bridges were buﬂt,‘f:_‘.;.igp of
| as across the Oreto at Palermo in Sicily (fig. 68){ of a size not required by i i
| the present rivers, (The famous Pont d'Avignon finally buiir across the lowep 50!
| Rhone in souchern France in 1177-85 at a difficult point, whete roads ur:
converge bur the current 1s always strong and the| Romans had been unahis
| to bridge the river, suffered many collapses of parss of the bridge in the he
| following years bur was not finally abandoned half destroyed undl 1680) sit
| There was also in the high Middle Ages more general flow of the streams p
| in Greece and in the wadis of north Africa and Arabia. Fig. 45 (p. 131) cl
indicates a more adequare rainfall in medieval fimes also in the dry area oi
of northwest India. dl
| These fearures scem likely o be explained partly by a displacement of the A
| anticyclone bele of the desert zone during the w epoch north of its present it
usual position to an.axis from the Azores.to Gerpnany or Scandinavia as in 1
some of our modern fine summers. Such partly meridional wind circuladon ¢
patterns, with a cold trough deformation of che circurnpolar vortex, com- {

monly thrust cold surface air south over eastern Burope and western or ¢ven
cencral Asia, and from there it would be deflected by the mountains westward
and southward rowards the Mediterranean. Thig is an eastern position for
such a development in the circumpolar vortex, reghinng a longer wave-length
(or spacing of the troughs and ridges) than com only prevails in the upper
wind fow from the more or less fixed disturbgnces over North Amernica
caused by the Rocky Mountains. Such « longer ave-length would be likely
to occur at 4 time when the main flow of the winds was displaced rowards
higher latitudes and parricularly when, as in thq thirteenth cenrury, Arcric
cooling strengthened the thermal gradient and th winds.

Our knowledge of the past variations of lake levels — archaeologically
derermined in the case of the Caspian Sea — ifdicates that the barbarian
movernents out of Asia which troubled the Rpman empire over a long
period can be associated with times of drought |n cencral and western Asiz
around A0 300, which aiso rerurned around §00. By conurast, the great
outbreak of Mongolian rribesmen in che thirtegnth century seems to have
occurred in 2 moist period, when the Caspian dea was nsing. The sudden
outburst of energy of the peoples of inner Asip, which brought Genghis
Khan and his Mongol hordes within the spacg of rwenty years, berween
1205 and 1225, deep into European Russia, tojthe Indus and to the gaces
of Peking, could reasonably be supposed to have had it origin in a build-
up of population in the arid heart of Asia in cipes when the pastures were
in berter than usual shape. But its suddenness,jand che coincidence of its
timing with what we know of the cooling in high latitudes from the isotope
record in northern Greenland and the great advance of the Arcric sea ice
towards Iceland, raises a suspicion that some meore sudden evenr connecred
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: cooling may have trigzered it off. THis could have been some
w\i]si;hnﬂ of the ghcartyuf Asta bincnldcr Arcric air than before, the effectfs
:,n{ which would be particularly noticeable if it .apgcncd in summer. This
is speculation, but China had long been experigncing a cold regime and
some scientists have thought that this anomaly gradually Spl‘c':atl‘.l westwards
uneil it enveloped Europe in the Lirtle lee Age f faver centunes.

There was clearly some difference berween the secrors of the northern
hemisphere with which these paragraphs h'ave been concerned and the
Gruation over east Asia, where the climatic fones seem o have been
pushed south over a long period of which the fth century ma:kedrthr:
dimax. The swing to the southeast of the isothprms and of the lﬂow lines
of the circumpaolar vortex from a northward displacement (or ridge) over
the Indian secror to 2 southward displacemdne (or trough) over east
Asia is a partern which seems liable o have . rmducec.l an :f.nm:yciamc
rendency over Thailand and northern Indo-Chipa. reducing rainfall chere.
This mercorological speculation suggests an gxplanacion of temporarily
casier - i.e. dricr — conditions favouring the Khmer empire of Angkor in
Cambodia (Kampuchea) in the region, which afier 1300 rerurned to jungle.

EFFECTS ON SEA LEVEL AND L LLYING COASTS

Qur survey of the European scene during the warmer centuries of the
Middle Ages would not be complete withour mention of the things that
suggest a slightly higher stand of the sea !c el, wh:cifn may have been
gradually rising globally during that warm time as glaciers melted - and
particularly in the arca around the southern _orth Sea v?rhere the land-
sinking due ro the folding of the Earch’s crust|in that basin was presurm-
ably going on then as now. Fig. 60 draws artention to the greater intrusions
of the sea in Belgium, where Brugge (Bruges) was a major port, and 1n
East Anglia, where a shallow fjord with several branches led inland toward
Norwich. The English fenland south of the Wash provided an extensive
watery landscape of shallow brackish channels nd low islands, fringed by
reeds and brushwood, in which the island of Fly was so cut off that the
Anglo-Danish inhabicants were able to hold out for seven to ten years after
the Norman conguest of the rest of England. And the coastal plain of the
Netherlands and Belgium had a flucruaring population in the eleventh and
welfth cenmuries, as the state of flooding variefl, leading finally to a more
general emigration to Germany.®

THE SEQUENCE IN NORTH AMERICA AND
SOME COMPARISONS

In North America east of the Rocky Mountaips there 1s ev:dcnc'e that the
prevailing remperarures followed a sequence very stmilar to that in Europe
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and thar there were inreresiing and importarjt changes in the moisture
climate. Only in northern Labrader and the nfighbouring Ungava region
is there no sign so far of a medieval interruption in the cooling off thar
began 3000-3500 years ago and pur the fofest inta retrear before the
advancing mndra. In northern Quebec and in|the North-West Teritories
west of Hudson Bay, the extensive pollen-analyfical researches co-ordinated
by Dt Harvey Nichols of the University of Golorado Institute of Asctic
and Alpine Research indicate some recovery of the forest, associated with
warming of the summers, from about AD {500 ro some time abous
1000—1200 or 1250. Farther south, in the Middle West of the Unired
States, the archazological studies of Baerreis and Bryson at the University
of Wisconsin have indicated that the Indian| people of the Mill Creek
culture grew cotn (maize) in northwestern loa before the year 1200, in
an area which roday is somewhat marginal as regards enough rainfall for
the crop. Elk and deer, both woodland animals, which they evidendy
hunted, together accounted for most of the flesh in their diet before abour
1100; in the twelfth century the proportion of rhese among the bones in
the middens rapidly declined and was overtaken by bison, an animal of
the open plains. The abundance of bison bonef increased rowards the west
where the climates are drier, in the ‘rain-shadéw’ of the Rocky Mourains.
Bur from about AD 700 onwards the climates pf the whole region seem to
have become moister than before, the prairic gjving way to landscapes with
more trees, until an abrupt reversal about the fyear 1200. Farming peoples
were spreading their occupation northwestwird on the plains, moving
northward into Wisconsin and on up the Miss{ssippi and other valleys into
Minnesota as early as the eighth century. They faintained a chriving cubmire
untl 1200, when their sudden disappearance| coincides with evidence of
drought and vegerarion change. Such a changg in the region concerned is
readily explained by increased sway of the wesferly winds, intensifying and
extending the rain-shadow of the mountains, as the thermal gradient
increased with the cooling of the Arctic then erting in. We have referred
to the evidence of this on Greenland and lceland warers.

The dimatic history reviewed in this chapter has led one historian’ to
sumrnarize the marter by saying: ‘intriguingly, the profiie of long-run
average temiperature in Engtand shows a crudg but clear congruence with
thar of marerial welfare broadly conceived’. Add he goes on "The medieval
expansion, the crises of the fourteenth and larg sixteenth cenvuries, and the
revivals of the fifteenth (to early sixteenth),| eighteenth and nineteenth
centuries, broadly correspond with movements in the trend line of temper-
arure.’ Yet, he argues thar dimanic change hag litde explanarory value and
that one cannor assert that the course of Furoplean history wouid have been
much different if che climate had not changed. The period covered by the
next chaprer will give us an opportunity o exgmine this contention a lirde
more closely.
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DECLINE AGAIN IN THE LATE
MIDDLE AGES

THE DOWN-TURN OF CLIMATE IN THE ARCTIC

The dererioration in their situation which mno%nczd iself to the Old

Norse Greenlanders in 1197—1203 by the increasq of ice encroaching on
the scas that were used for their links with Iceland and with Furope,
1t first in occasional years but later on seeming permanent, clearly had to
do with a cooling: of the Aretic (see fig. 36, p. 93).
Already during the twelfth cenrury the Eskimo
once (about 700 BC) widespread across the easter
had rerurned 1o high latimdes after AD 800-300, ha
Archacology suggests chat this was partly because other Eskimo culture,
developed near Thule in northwest Greenland, fvas more successful in
huntng the resources of the far north; but it is prolable also thac increasing
icc and dwindling seal and walrus populations waere making the compett-
tion more difficulr. And so it was around 1200450 thar Nersemen and
Eskimos first came into coneact in Greenland. At|first some rrading went
on between them. But about 1350 che smaller of the rwo Norse centres
i1 Greenland, with only about seventy-five farms, the Vesterbygd ("West
Sertlement’), which was the more nartherly of thi two areas occupied in
west Greenland, was wiped out either by conflicg or discase, possibly the
plague. (Some cattle and sheep were found wandgring unattended by any
human owners when a ship visited the area from|the other sertlement.)
The larger Osterbyed (‘East Sertlernent’), whefe there were abour 225
farms, survived until about the year 1500, though in evident decline: the
average stature of the grown-up men buried in the graveyard ar Herjolfsnes
in the fifteenth cenrury was only 164 cm (5 ft 5 if.) compared with about
177 cm (5 & 10 in.) in the early period of the sefdement. By abour 1342
it is rccorded that the old sailing route along the| 65th parallel of laritude
berween Teeland and Greentand was finatly changel to a route farther south
because of the increase of ice. After the wreck off Nerway of one of the
ships used in the late medicval royal monopoly trade in 1369 regulac
communication berween Europe and the Greenldnd colony ceased. Some

of the Dorser culture,
Canadizn Arctic, who
ad been moving south.
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ships bound for leeland arrived in Greenland in later years after being
blown off -course, and there is indirect evidence of occasional visits by
traders and frecbooters from England and elsewhere in the fftecnth century,
In 1492 Pope Alexander VI wrote of hit anxiery over the situation in that
outpost of Christendom:

the church of Garda is siruated ar the fends of the Earth in Greenland,
and the people dwelling there are ageustomed to live on dried fish
and milk for lack of bread, wine and foil . . . shipping to that county
is very infrequent because of the extensive freezing of the warers —
no ship having put in to shore, ir is|believed, for eighty years — or,
if voyages happened to be made, it fould have been, it is thought,
only in the month of August . . . it is also said that no bishop
or priest has been in residence for cighey years or thereabouts.!

In fact, the Herjolfsnes pgraveyard preserved bodies and clothing in the
subsequently permanentdy frozen groundl, the dresses including European
models of about the year 1500. Bur shipk from Hamburg beaten off course
to Greenland abour 1540 found only ore dead Norse body and no inhab-
irants alive. From that time on only whilers, or explorers such as Hudson
in 1607, occasionally happened to ged through the ice bele o this or
that point on Greenland’s deserted Arcfic shores, unril in the 1720s the
Danish-Norwegian state once more fopnded posts, again in southwest
Greenland. There were no setlements ih east Greenland before the nine-
teenth century.
—= It has been suggesied thar the exploratons in the ffteenth century which
led the fishermen from Bristol ever farther west across the Adantc, until
as early as the 1470s or 1480s they may been fishing on the Newfoundland
Banks,” may have started becausc the fish stocks of the higher latitudes in
the northeast Adantic had deserted theid former grounds as a result of the
increasing spread of the Arctic coid wiyrer. The situation was doubtless
aggravated by Hanseatic comperition in lpeland-Greenland waters. However
that may be, it is clear that the searchey of the English sixteenth-cencury
seafarers such as Chancellor in 1553 gnd the Dutch expedition under
Willem Barents in the 1590s to find a Nreh-East Passage, and of Frobisher
in the 1570s, of Davis in the 15805 and scon Hudson, to find a North-
West Passage through the Asctic to the Indies were undertaken ar a
peculiarly unfavourable time. The same|was true of Hudson’s attempt in
1607 to reach the North Pole and still in 1827 of Edward Parry’s attempr,
and of the renewed cfforts around that time ro. seek out a North-West
Passage. as well as the voyage of Sit Jdmes Clark Ross in 1831, which
succeeded in reaching the north magnedg pole.” The severer Arcric climace
had then ruled for hundreds of years, tough there were still some open-
ings in the polar pack-ice controlled by the wind pattern; the whalers had
found some of these in their operations gear nottheast Greenland, and this
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had produced a misplaced belief in the existence of an|ice-free sea in the
central Arcric. . :
in Iceland the old Notse sociery and its economy suffered a severe decline
which set in first about AD 1200 and could be said to have continued over
Jlmost six centuries. The population of the country fell from abour 77,500,
.5 indicated by the tax records in 1095, to around 72,000 in 1311. By
170% it was nearly down to 50,000, and after some sevgre years of ice and
volcanic eruptions in the 1780s it was only abouc 38,000. The peoples
average stature also seems to have declined, much as in Greenland, from
173 cm {5 f 8 in,) to 167 cm (5 fi 6 in,} from the fenth to the eight-
eenth century. It is clear from the surviving records thar years when the
Arctic sea ice was close to the Jeeland coast for lodg months (usually
between January or March and any time from June t August) played a
big part in this. In such years the spring and summer were 5o eold that
there was livde hay and thousands of sheep died, especially all over the
northern and castern part of the country. The shellfish ¢f the seashore were
aiso destroyed by the ice. Gradually all awempts ar grain growing were
given up. The glaciers were advancing. And there were Jome volcanic disas-
rers besides, when whole areas of the island were covered by volcanic ash
ot lava flows, the pastures were ruined by the fluorine orjsuiphurous content
of the ash and the sheep and cattle were killed by it} One of the worst
cases was the great eruprion in Oraefl in the souch of|lceland in 1362.
It cannot be denied that the trade monopoly claimed by the Danish-
Norwegian crown through most of these centuries musgalso have had some
cffect, its restrictions probably conuriburing to the counfry’s difficulties, bur
it seems thar the main causes of decline were the narural disasters — Iceland's
‘thousand years 5trug,%]: against ice and fire’, as Sigardur Thorannsson's
1956 article called ic
Thar there were some easicr rimes as well as peridds of grear severity
during these centuries can be clearly discerned despite the scarcity of records
at certain times. For example, the widespread use of|polar bear skins in
the lace Middle Ages for carpeting the church floors in Jeeland indicates a
large supply of the bears, and therefore presumably of the ice which brought
them, in the fourreenth century. A hundred years later the skins were getting
scarce, and many were old and in poor condition, but there was some
increase in the sixteenth century before chis item became restricred by the
trade monapoly of the monarchy in Denmark. This ipformation seems to
confitm the inference from the direct reports of the sga ice which survive
thar there was much ice from the late 1200s through the fourreenth century,
and then some improvement before the drastic increase of ice in the lare
1500s and afrer. The times of most ice and coldest dlithare in Iceland seem
to have staricd suddenly in 1197-8 and 1203 and teached culminating
phases around 1300, from about 1580 to 1700, espedially the 1690s, and
again in the lace eighteenth and ninereenth cencuries.
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Fig. 69 Two pictures of North Sea storm waves
small island of Heligoland in 2 nettherly storm, B
1926, The island isgbut a remnant of its former 53
reproduced by kind permission of his daughrer
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DECLINE IN THE LATE MIDDLE
HOW EUROPE WAS FIRST AFFECT

The first sympeoms of the change already affecting
which may have been noticed by the inhabitants
around the North Sea, were the increased incidend
sorms and sea Aoods in the thirreenth century. 5
appalling loss of life, comparable with the worst
and China in recenc rimes. In at least four sea flgods of the Durch and
Cerman coasts in the thirteenth cenrury the deach roll was estimared at
around 100,000 or more; in the worst case the estimate was 306,000, As
2 cesult of the floods of 1240 and 1362 it was repgrted that sixry parishes

AGES
ED: STORMS

Greenland and Ieeland
of Europe, particularly
e and severity of wind
¢ of the larrer caused
isasters in Bangladesh

accounting for over half the agriculrural income of
diocese of Slesvig (Schleswig) had been ‘swallowed
of these storm floods the Zuyder Zee in the Neth
enlarged, and it was not drained until the prese
other inlets, were formed by losses of land on
North Sca coasts. Other istands were destroyed
island of Heligoland (50 km our in the German
to have measured over 60 km across in the year 3
25 km by abour 1300, perhaps half of it being los
Today it measures only about 1.5 km on its longest

« {at that time) Danish
y the salt sea’, In some
rlands was formed, and
t cencury. Islands, and
¢ German and Danish
the stormy seas. The
ight), which is believed
0, had been reduced to
in a storm in that year.
is (fig. 69). In England

: the sea defences of the
force 10, on 10 Ocrober
raphs F. A, Schensky,
cnsky of Schleswig,

the greac ports of Ravenspur or Ravensburgh {(eas of Hull) and Dunwich
(on the Suffolk coast in East Anglia) were lost in|successive stages in the
sea storms of these centuries. Deaths of 100,000 dr more people in flood-
ings of the continenral shore of the North Sea were again reported in storms
in 1421, 1446 and 1570. In the 1570 storm great|cities were flooded, and

Mumber of raported SEVERE SEA FLOODS per century

a00 2000AD

4 Channa! coasts
BB North Sea cosats
20th cantury lotal estimated as 43 (1800-75)

otz

Fig. 70 The distribution by centuries of reports of severg storm floods which caused
much loss of life or fand on the coasts of the North|Sca and English Channel.
The data and sources of daca on which this diagram Js based arc fully tabulaced
in the author’s book Climate: Present, Past and ﬁMm. vol. 2, London, Methuen,
1977, pp. 120—6. Any apparent mistakes b carlier collectors of the dara from the
distant past producing repetitive reports oz: the same |ncident have been cut out

in the counts of numbers of sorms for [this diagram.
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Fig. 71 Some tesuls of the storms of blowing
(a}g(top] The lagoon at Kenfig ot the coast of south
by sand-dunc movements, vepuredly around 1316,

DDERN WORLD

fand in the late Middle Ages:
Wales, near Port Talbat, formed
which closed the medieval port

there. Further movements berween 1344 and 148 finally buried the old Roman

coast road and with 2 storm in 1573 camied a line g

{b} The coast edged with a belt of grear sand-dunes

Harlech in northwest Wales, These duncs lic md
former port of Harlech, in use until about
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Fig. 71 (&) The 3ands of Forvie: the 30 m high sandHure which covers the
medicval township of Forvic, on the east coast of Aberdeanshire, Scotland, which
was oblirerated by 2 grear southerly storm in Auguse 1413,

the deaths were estimated at 400,000. And in 1434 there were again
great losses of land from the Danish and German cpast and the off-lying
islands.

Fig. 70 shows the distribution over historical timd of known reports of
severe sea Hoods in chis part of the world. In the southern North Sea on
the Netherlands coast the occurrence of devastarigg storm surges was
greatest in the early 1400s and lare 1600s;® the lard 15008 were remark-
able for a few storms of outstanding range and scvrity, most of all the
storm of 1-2 November 1570 when the flooding afftcted the coasts from
France to northwest Germany. In reading the diagram allowance must be
made for the reduced chance of reports having been made and surviving
from eatly times, but it scems safe to conclude thar there were real maxima
of storm flood occurrences for the region 1s a wholg in the eleventh and
in the thirreenth cencuries AD, and in the southern North Sea ac the rimes
mentioned above. There is also a suggestion of more|severe floods in, and
soon after, late Roman times and again in our own dentury than at other
periods. This distribution suggests that storm Hoods op the low-lying coasts
of the North Sea have been most troublesome: {a) when the sea level may
have been somewhar raised after long periods of warm climate and glacier
melring; and (b} when a cooling Arcric has produced arrengthened thermal
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DECLINE IN THE LATE MIDDLE AGE

COOLING AND WETNESS IN EARLY
FOURTEENTH-CENTURY EURORE

The cooling trend, which should be scen as the basic elemenc in the climaric
Jdererioration with which this chapter is concerned, began| to affect Europe
directly soon after 1300. The generalized temperature cyrve presented in
fig. 30 (p. 84) scems to be verified by the history of the vingyards in England
and central Europe and of the upper limit of trees on the hills from the
Vosges in the west to the Erapebirge on che borders of Czechoslovalaa,
Germany and Poland. This smooth curve, however, maskq the real shocks.

The change which broke the medieval warm regime muyst have appeared
devastatingly sudden. It came first in che regions mentiongd with the exrra-
ordinary run of wet summers, and mosdy wet springs and gutumns, becween
1313 or 1314 and 1317. And it continued with little intktrmission at leasc
to the carly pare of 1321. Moreover, this followed closelyjupon one of the
really notable periods in the Middle Ages of mosdy warm, dry summers,
from 1284 up to 1311, (The fitst decade of the new ceprury was a time
when many had the confidence ro start new vineyagds in England.)
The year 1315 (see fig. 72a), when the grain failed g ripen all across
Europe, was probably the worst of the evil sequence whuth followed. The
cumularive effect produced famine in many parts of the pontinenr so dire
thar there were deaths from hunger and discase on a verp greac scale, and
incidents of cannibalism were reported even in the couprries of western
Europe. Great numbers of shecp and cattle also died in jthe ‘murrains’ or
epidemics of diseasc which swept the sodden and often flooded landscape.
Thereafter the fourteenth cencury seems to have broughy wild, and rather
long-lasting, variations of weather in western and central [Europe, the later
13205 and 1330s and also the 1380s with mostly warm, diy (often seriously
droughty) summers and a few other decades, notwably|the 1360s, pre-
dominantly wet. ln eastern Europe there seem to haye been troubles
with heat and droughr in the summers throughout the dencury. The rype
of variability of the climate in western Europe here describdd, which affected
the winters also, continued in the Afteenth century and jspread to eastern
Europe as well. The 14305 produccd a very remarkable skquence of severe
winters, or winters which at least included long severe spefls, in central and
western Europe, including 1431-2 (hg. 72b) and every witer from 14334
to 1437-8. Within the last thousand years only the 1690s seem to have
produced so many cold winters or severe spells within [the span of onc
decade. Furthermore, the winters of 1407-8 and 1422-3 had been of
historic severity, permicting traffic over the ice across the Baltic and with
wolves reported to have passed over the ice on the castermmost pare of the
North Sea from Nerway te Denmark.

A graphical ‘history’ of the weness of the Boiton Fall Moss pear-bog
on the England-Scotland border near Carlisle, producedl by a variety of
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SUMMER 1315

Fig, 72a Reported weather and crop conditions in the summer of 1315 and the proposed pressure and

pat

wind
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Fig. 72b Reported weather in the winter of 1431-2 and
and wind pattern which scems to be impl

researches, is shown in fig. 73. This scems to agree wi
and rainfall sequences presented elsewhere in this book

¢ prevailing pressure
ed.

th the remperamure
and therefore may

be regarded as supporting evidence of them. (There is gn apparent discrep-

ancy in the wemess indicated in the renth centutry,
northwest cornet of England could be consistent with

ut wemess i the
¢ patrern we have

supposed at that dme with westerly winds thete and anficyclonic situations

producing droughts in the southeastern half of Englan
The Bolton Moss curve certainly supports Trevelyan's
rivers of England were generally deeper and bigger in
than they are now (and, perhaps, earlier in the high

and in Germany.)
nrention® that the
Lnl ﬁ&ccnth ccnrury
iddle Ages). Whar

is abundandy clear from fig. 73 is thar there was a véry grear change in

the prevalence of soil moisture, at least in northwest E
The change seems in fact to have occurred much morg
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£ig 73 The record of long-rerm variations of the surface| wemess of Bolton Fell
Moss pear-bog northeast of Carlisle, derived by Dr Keith Barber of Southampson

Universiry (from pollen and macrofossil analysis, soil chenfistry investigadions and: .

records of land-use history). (From dac kindly suppljed by Dr Barber.)

the frequency of regrowth phases reported in the peaf-bogs of Sweden and

elsewhere in northern and western Europe abour thi§ dace. Corresponding'

difficultics, caused by increasing wetness, were noted lin the last chaprer in
the mines in the Harz and other mounrains in centdzl Furope.

Perhaps the most remarkable aspect, devastating|in all its effects, of
European climates in most of the decades studied ih the fourresnth and
fifteenth centuries AD was the extraordinary frequedicy of easterly winds
which seem to have largely dominated larirudes be
and 60-65 °N in the summers and winters alike.’ |
the weather maps for individual seasons which we lhave reconstructed in
similar manner to the ones here illustrated in figs. 724 and 72b. It cerrainly
applies to the summers in the decades starting in 1330, 1330, 1340, 1420
and 1430, and ro the winters in the 14205 and 1430s. The reconstruc-
tions were made possible by the availabilicy in the|literature of enough
reports from around Europe of those seasons of dramjaric weacher, enough
even to supply some support of each other. The decadd maps were produced
by averaging the maps of the individual years of the decades referred to.
Among the most interesting are the maps for the summers of the decade
1310-1319, when there were famines and economic difficuities, and of the
1340s because of the extraordinary wetness of thobe summers all over
western and central Europe followed by the heat of 1348 when the plague,
the Black Dearh, arrived. Equally, the winters of the 1430s, which produced
a remarkable number of spells of severc weather, pjoduce an interesting
decade map.

The climaric effects which marked those decades nowhere have been
stranger (o our ideas of normality than in Norfolk — arfd probably in castern
England generally — where the usually dry climate owks most to the shelter
from the prevailing westerly winds and their moisturg provided by the hill
ridges of southern and western England and the mohntains of Wales and
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the Pennines. This shelter was replaced in such times by conrinual supplies
of moisture carrted by cold north, northeast and east windy from the North
Sea and che Baltic. Norfolk particularly, but alse much of|East Anglia and
northeast England, doubtless became much weteer place than we know
today. This scems to be confirmed by the frequency of Jegal dispures in
the local courts in those years in pursuir of people who failed 1o keep their
drains running, '

Another part of the map seemed also to be supported by a change of
the rainfall experienced. In parts of the Alpine region screened from rain-
fall from the north by the high mountain ridges, notably {n northern ltaly

. (Val d'Aosta) and cven in the upper Rhéne valley and irs frriburaries (as in

Saas), networks of warer channels, essentially narrow wobden aqueducts,
were built in this period to bring warter from the streaths that emerged
from the glaciers of the high Alps to irrigate the summen pastures on the
va“t‘v SldE"; OHE DF t[’lESE cnnstmccmns cven brought waler ﬁ'ﬂm hlgh l.lp

in the Val d'Ayas 25 km along the high cliffs of Mount
a pass to deliver it on the south side,

erbion and over

Changes in the geographlca.l distriburion of ramfall or snnwfall, where
moutitain shelter is involved, can, as in these cases, prqbvidt a sefsirive
detector of changes of the prevailing winds — a distinerive indicaror ool
in reconstructing ciimare patterns. The harshness of the dimacc effects of

these changes in northern Europe, 1n Scotland and Scandi

haviz, in the late

Middle Ages, broughr abour by the apparent frequency &f northerly and
northeasterly winds, Is attested by the reports of hardest Tailures and
pupulations reduced o making bread from the bark of birgh rrees, and che
abandenment of the poorer and more exposed upland farm villages in those
countries. and in northern England and Norfolk and e east Midlands

besides,

A TIME OF DISEASES

The prevailing wetness duning parts of the fourteench cent

Lirv and. perhaps

still more, in the fifteenth century undoubredly made this an unhealthy
ume, Thers were many troubles with che diseases of mankind, animais and

Crops.
It seems established that in England the average ex

pectation of life

decreased by abour ten years from the late thirteenth centiry (when it was
apparently abourt forty-eight}  the period 1376-1400.% e of the most

horrifying of the diseases of the period — and most clearly associated with

the weather — was ergotism, or St Anthony's fire, produ

red by the ergor

blight (Clawiceps purpurea) which blackened che kernels ofjthe rye in damp

harvesrs. Fven a minure proportion of the poisoned grains

baked in bread,

would cause the disease. The course of the epidemics wps such chac the
whole popularion ot a village wouid suffer convuisiong, hallucinations,
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gangrene rotting the extremities of the body, and death.|In the chroni,

stage of the disease, the extremities developed first an icy feeling, then 5 -
burning sensation; the limbs then went dark as if burnd| shrivelled, ang *:
finally dropped off. Even domestic animals caughr it and died. And preg- o

nant women miscarried.

More often mentioned cthan this disease from the
connection with the collapse of confidence and of the econoymic and cultura]
structure of Europe’s medieval society has been the great bubonic plague,
the ‘Black Death’ which armived in 1348-50, and i sybscquent recur-
rences. It is estimated thar in different districts of Europe
to two-thirds of the population died. The consequences in terms of harvests
not gathered in, of labour shorrage and rising costs, HMave been much
written about. The death rate was heavy in the cidies and |ports and alang
tnuch-frequented routes of trade and pilgrimage. Overall probably more
than a third of the population of Europe succumbed ¢ the pesulence.
Interestingly, the Black Death seems to have originated fin China, or in
central Asia, in a region where bubonic plague is endemit, during or im-
mediately after exceptional rains and flooding in 1332: this fooding was
iself one of the preatest weather disasters ever known,|alleged to have
taken seven million human lives in the great river valleys of China, and
destroying not only the human sertlements and their sewdge arrangements
but also the habitats of wildlife, including of course the fats, over a wide
tegion. Thus, there was a complex of factors in which clinate was deeply
involved, rather than the Black Deach and economic troubles alone or the
intellectual questionings of the time, which brought the end of the old
medieval era.

ighred com g

DESERTION OF FARMS AND VILLAGE
SETTLEMENTS

The fact that the climatic change played a part, independent of the debil-
itating effects of disease on the population and on the ¢conomy, can be
seen in the failures of the northern vineyards in England and on the conti-
nent, in the retrear of corn-growing too from its formey northern limits
and of all cultivation from the heights, and in the depopdlacion of villages
and farms. It is recorded in Nemarium Inguisitiones, a vgluation of agri-
cultural production in the year 1341, a few years before the arrival of the
Black Death, thar there were large numbers of villages with uncultivared
land in every part of England, mostly said to be due|to shrinkage of
population since the famine years earlier in the century|bur also to soil
exhaustion and shortages of seed corn and ploughing teamns’

This abandonment of former sertlements was going on all over northern
and cenrral Europe and on the higher ground even in the south. The sites
of many thousands of deserted medieval hamlers and villages have been
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Fig. 74 All that remains of Whatborough, a village on the|highest ground in
Letcestershire, in the East Midlands of England. It is recorded thaglt-lWhg:bomugh
dcchped in size berween 1430 and 1446 and was deserred by 1495. (Repmdm:cd
by kind permission of the photographic air surveys branch pf the Ministry of

Defence, London.)

identified within the area of pre-war Germany alone. {In Germany and
England the phenomenon became prominent in conmhection with the
famines of the decade about 1315, bur had begun ever} carlier, and was
already reaching its first peak in the twenty years before the Black Death.
OF over eighty deserted village sites for which poptlatign figures can be
deduced from tax records in ewo counties in central Enpland only about
10 per cent were artriburable to the Black Death, but 2ll hkd suffered severe
losses of population in the famnine dmes berween 1311 anfl the 1320s. And
those that did disappear zround 1350 were generally the| same places that
had declined most (on average by two-thirds) in the years of famine earlier
in the century. The fact that some villages disappeared others survived
In neighbouring positions in various parts of the country |has caused triany
to doubt the climatic explanation, but it seems that thése differences of
fC'l'_Tl.ll:l\‘.‘. can often be explained by differcnces of soil and exposure.!! The
coincidence of timing of the waves of desertion over much|of Europe points
0 a widespread, and presumably external, cause such as [the behaviour of
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the climate. Moreover, the period when most desertivc:rs took placs
England, berween about 1430 and 1485, coincides with 3 fairly w

documented time of frequent cold winters and wretch ed summers, the
latter particularly in the 1450s and later 1460s (fig. 74).| Bur the climatic’ -
influence is hinced at most clearly in that it seems mwk;tve been Norway'

that, apart from Iceland and pethaps eastern Europe, worst hit.

THE SEQUENCE IN THE NORTH OF EUROPE:
NORWAY, DENMARK, SCOTLAND

We know a good deal about Norway in the Middle Ages and after, thanks l:

to the wealth of information on taxes, occupations and| properdes in the

‘church boaks (kirkebaket) and the pioneer researches by Professor Andreas
Holmsen of Oslo.'> These have borne fruit in numerous jindications of the -

interplay between climatic and environmental history angl social history in
northern Europe, and inspired the Deserted Farms Research Project
(Ddegardsprosiekr)'? in which all the northern counries, including Finland
and lceland, have collaborated over many years.
The abandonment of farms began first in north Norway already before
1200, accompanicd by an expansion of the areas used| by Lapp hunrers
and a drift of the Norwegian population south and tgwards the coastal
fisheries. At the end of the Viking period there must Bave been abour a
thousand farms in Halogaland in north Norway, and they grew batley, cars
and ryc. By the 1430s, in and near the rich fishery districs in the Loforen
islands up to 95 per cent of the farms had been abandoged, and elsewhere
about 60 per cent. At the coast, in fact, the numbers lof the popularion
and their cconomy expanded between 1350 and 1500, anjd it seems possible
that, for so long, the increased cold water outflow frofn the Arcric neat
Greenland was compensated by a strengthening of the ihflow of the warm
Atlantic water with its fish stocks on the Norwegian sid¢. (But later on, in
the scventeenth century, the Norwegian fishery too sepms o have been
affecred by the climatic dererioration.)
West Norway was che next to be affected, with som¢ decline of. popu-
larion during the thirteenth cenoury and reduction of thq taxes in the 1330s
and 1340s on account of lowered farm yields and losseq caused by natural
disasters such as rock-falls. Owing o the nature of the fountry there were
big variations from district to district and from farm to|farm. The decline
was on the whole sharpest in the sheltered districes in|the inner parts of
the fjords and in Trendelag, the district about Trondhein, which had been
richest earlier in the Middle Ages. Wheat had been grows there. Particularly
interesting is the case of the marginally situated uplan farming village of
Hoser (fig. 75), 350 m above sea lovel, east of Trondheit near the Swedish
fronticr. The place has been the object of interdisciplinary smudies by
Professors Sandnes and Hafsten and colleagues, notably [Dr Helge Salvesen.
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Archaeological work and pollen analysis show thar a smnall of the forest
was cleared for culrivation, including cercals, about the fourth| century AD.
The farmers may have been attaceed by the possibilities of jron produc-
ton in the neighbourhood. Twice, or perhaps three times, since then the
srea has been abandoned and reconquered by the forest, gach ume in
periods of colder climare. This is not surprising because ip periods of
prevailing southwesterly winds Trendelag enjoys the shelter|of the greac
ountains of southern Norway (and some additional warmin of the south
and southwest winds by an effect like that of che Alpine fqebn wind'¥),
but whenever winds from the northwest and north become prominent the
districr is directly exposed to these winds from the Arcric seap. Hoser may
have been abandoned first for a time abour the sixth to nith cenruries
A0, There was, however, a climax of cereal cultivation ther¢ in the high
Middle Ages, and the two later abandonments were precisely in the periods
of sharpest climate stress in 1435 and 1698. Full-scale farming was not
resumed there untl abour 1930.

In the most sheltered part of Norway, the central and southeastern part
(@stlander), the medieval expansion continued right up to the| Black Death.
It would be correspondingly easy o actribute alf that followed fo the disaster

Fig. 75 Hoser: a farm village ar latirude 63° 24" N 11° 10" E, casg of Trondhcim,

Norway, 350 m (approximarely 1150 fi above sea level). The position is so marginal

for agricuiture that it was twice abandoned in periods of climaric ficterioration in

o1 a_bnut 143% and the 1690s and remnqucrccf by the forest. Th first period of

cultivation there in earlier times.seems also to have gonc into decline and possibly
been abandoned some dme berween AD 300 and 900,
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of the plague. The incidence of the disease itsclf was very patchy, the death
rate amounted to 90 per cent of the populanon in the grear Hallingdal
valley, with its through route, and about two-thirds along che pilgrim roure
to Trondheim through southern Sweden, while blood group| research
suggests that the more remote parts of Telemark in central south Norway
were never touched. Bue it is noteworthy thar there was no real| recovery
in Norway for about two hundred years. The farms on the higher ground
stood empry for that long, partly because any surviving occupants had been
able to rake up vacant farms on rcher land in the valleys. Buciby 1387
production and tax yields were only from (in some districts) as liftle as 12
per cent to barely 70 per cent of what they had been around 1300. Even
on the bishop’s land near Oslo only oats were grown. And in chej 1460s it
was becoming recognized thar the change seemed permanent. As lare as
the year 1665 the rotal Norwegian grain harvest is reported to Have been
only 67-70 per cent of what it had been abour the year 1300, and in west
Naorway the medieval praducrion was not exceeded unail around e middle
of the eighteenth century.'?

In parts of Denmark, particularly Jurland, near the North Sea,| the situ-
ation seems to have been not much better, with many farms deseqred, corn
growing given up and those farmhouses thar were siill maincaiped were
shared by several families.'® English visitors to 2 Danish royal wédding in
1406 repotted seeing much sodden uncultivared ground and thar whear
was grown nowhere, There was, in fact, a gradation across the coufitry with
much less stress in the more sheltered districts of the islands of| Fyn and
Sjaclland farther east.'’ '

It is clear chat the changes registered in agriculure and hushandry in
various parts of Europe in the late Middle Ages were influenced By impact
of the climare as well as by the disastrous depopulation brought by the
Black Death. The growing season everywhere shortened, perhaps rypically
by three weeks or more, ics accumulated warmrth decreased and the
frequency of harvest failures increased — the dreaded ‘green yegrs' when
the crops fail to ripen — in the north. Wheat has a rather highet require-

ment of summer warmth than barley or oats and thrives best ip regions
where the yearly rainfall is less than 90 em; bur it can be successfiglly carted
wet for drying indoors, whereas the other cercals soon overhear. Rye with-
stands severe winters better than other cereals and is the most producrive

grain on poor soils. As the climare deteriorared, barley, oats and) rye were
thercfore to be preferred to whear excepr in the warmer parts of Europe.
On the other hand, there were many places where cereal growihg ceased
10 be profitable and was given up in favour of sheep rearing to|meer the
increasing demnand for waool,

In the Highlands of Scotland, it seems, the long history of Clnk’l
and of the Highlanders raiding catde from the Lowlands, as al

warfare
o in this

period the carde raids from cthe Southern Uplands acrass the bgrder into
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DECLINE IN THE LATE MIDDLE AGES

England, may be explained by the stress of a deterioraring glimare upon

e setlements which had been established far up the glens

in the ‘golden

age of the cwelfth and thirreenth centuries. As carly as the 1070s and
1080s, when King Malcolm TI1 and his queen (who became (St Margarer)
held their court in Dunfermline, Scorland was a haven for |innumerable
English cxiles from Norman rule. Bur as in Iceland and in nqrth and west
Norway, much of the country is exposed to a drastic chajge whenever

sorthwest and north winds become more frequent at the

expense of |

the benign southwesterlies, Internal troubles of various kinds| not all con-
necred with the incursions of the English king and his forces| began about
1300. The fifteenth century historian Boece wrote that in 1396 all the

north of Scotland was engulfed in clan warfare. There

0 1411 and fairly clearly the fifteenth century was the p

more of it

period for

such troubles. It was in 1433 that the estate of the Earls of Mar who had
ruled the central area of the Highlands collapsed, and pgverty rapidly
worsened in che region. In that decade of the 1430s in the Scottish
Highlands, as in Sweden, bread had w0 be made from the batk of trees for

want of grain. And in the accompanying unrest, in 14306,

Scotland was murdered when hunting on the edge of the Hi

near Perth. It was then thar it was decided thar at no

g James I of
land region
ace north af

Edinburgh Castle could the kings safecy be guaranteed, and so Edinburgh

in other parts of Europe we have already noted, dearth an

recorded for the first time in the annals of Dunfermline. And
cstimates thar the famine in England in 1437-9'% was scco
in 1315-17.

became the capital of the country. In the same decade, the si%jiw of which

famine were
. (G. Hoskins
only ro that

Lammermuic Hills'? southeast of Edinburgh, which had bgen as high as

425 m (nearly 1400 ft) above sea level at one poinc in the
century, fell in stages uncl by 1600 it was 200 m lower.

from 1300 to 1500 on the hills of continentml Europe, fro
the west, through middle and southern Germany to Cze
upper tree line feil by 100-200 m. And afrer 13001430

id-thirteenth
er the period
the Vosges in
oslovakiz, the
e upper limic

of vineyard cultivation in Baden in southwest Germany was|brought down

The physical background to these developments in the history of
Scorland shows itself in the fact chat the upper limic of culgvation on the

by 220 m. These height changes tend 1o verify the appr
tude of the change of summer remperatures s derived in

mate magni-
g, 30 (p. 84).

We also have # register of the climatc of this whole periogl in the yearly
growth rings of larches near the upper tree line near Berchfesgaden in the

German Alps:2® berween 1330 and 1490 the rings were of
able width, but from 1490 to 1560 there was a period ©

Decline followed and from 1590 the growth rings have

unusually van-
F good growth.
on the overall

average only had half the width of the 14901560 period, though

17701810 and 18501950 appear as relatively good grow
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'CLIMATE. HISTORY AND THE MODERN| WORLD
CENTRAL, SOUTHERN AND EASTERN EUROPE

The changing climate with its enhanced short-term fiycruations, includin
some runs of three to five years, ot even more, of wet, fload-ridden seasons,
of droughts and cither severe or very mild winters, made ieself felr also
farther south in Europe after 1300, The wheadands gnd the vineyards of
sorchern France shared in the harvest failures and the fesulting famine and
deaths by the million in the decade begmning in 1310. Ladurie?! has shown
how the dates of the southern French wine harvests beginning in 1349
{but anly forming a continuous serics fram abour 1550) can be used as
an index? of the climate. And K. Miiller™ derived a similarly informative
index, from the early Middle Ages to our own times, |from the percentage
of the wine harvests in south Germany which were jreported as good in
different periods. Although the early records arc fragmentary, the German
record shows a decline from fRgures ranging berween|30 and 70 per cent
before 1300 to figures never above 53 per ceat and af dmes under 20 per
cent berween 1400 and 1700.

in the widespread famines of the 1420s and 143(s there were reporrs
of cannibalism in eastern Europe, as there had been also in the west in the
1310s. The repeated famines gave rise to an emigratipn from Russia west-
wards into Germany, (It would be useful to have an esumare aof the size
of this population movement.) And in the severe winkers in the 1430s the
wolves were active in many parts of Burope, from Smjolensk in the ease to
England in the west. {In England, but not in Scotland or Ireland, chis may
have beerl the last time that wolves were reported.)

It was nor only in the Highlands of Scodand that there was turmoil
in the fifieenth century period of climaric stress. In Denmark and in what
is now the southern province of Sweden (Skine) the deepening crisis in
agriculture led to a drift to the towns and by the end jof the century appar-
ently to a more general emigration affecting the town as well. [n Bohemia
the 14205 and 1430s saw the Hussite risings; and,|aithough these were
basically concerned with religious and political idegs of democracy and
independence, we may supposc that the dmes of bad weather and harvest
failures made many people roodess and more readily persuaded to join the:
conflict. Something of the same influcnces may havé applied in England,
where the Wars of the Roses dragged on from 1455 ro 1485: Trevelyan®
mentions that, although the common people were prabably lirle concerned
about the dymastic causes of these campaigns, the effect of starvation and
the run-down state of the councry on soldiers returhed from France and
the Hundred Years War probably encouraged them to enlist. In many,
perhaps most, parts of Europe — in England, Sweden and south Germany,
for cxample - it was in the ffteenth century that the main abandonment
of the small, unsuccessful sertlements occurred. In England John Rous of
Warwick, writing in 1485, listed fifty-eight sites, mostly in that ane county,
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DECLINE IN THE LATE MIDDLE AGES

which had become depopulated in his [ife-time”® There was much ag-
ation abour the conversion of previously rilled land to other uge, usually
shecp rearing (with the shepherds using any abandoned houses, which had
not fallen or been pulled down, for sheleer). And the landiords who organ-
zrd the conversion and enclosed the land became a focus of hpstliry. In
Germany the tising civic pride and splendour in the merchant cgtics in the
fifteenth century seems to have been linked to some extent with the deifr
to the towns and the protection which they offered against the lawless state
of the countryside, in which peasant revolts grew worse uneil the gf:m:ral
rebellion in 1525, .

In European Russia a greater proportion of the apparently |increasing
climatic troubles after 1300 seem to have becn due to summer droughts
than farther wese. This trend seems to be confirmed by the gencral decline
of ring widths shown by the dmbers used in the successive sutfacings of
the streers of medieval Novgorod. There scems also to havg been an
increasing incidence of severe winters. And the impression given by the
chronicles of the monasteries®® is that the resules were of a severify in terms
of famine and loss of life, and indeed of the frequency of such evens,
unmatched in western Europe excepe in a few decades such as
1430s and 1690s.

In southern Europe, although we have so far disappeintingly
evidence of the climate in the fifteenth century, grain prices
dates alike suggest that there were no severe effects in the 14304 nor from
other parts of the period berween abour 1420 and 1480 whichj produced
so many harsh seasons farthermorth. (Fig. 33a, p. 88, suggests that the
southwest peninsula of England escaped similarly.) Preliminary meteoro-
logical analysis of the 1430s indicates an extraordinary predominance of
blocking anticyclones over northem Europe. The southerly wipds ac the
western limit of the anticyclones could well explain the impréssion thac
this period was one of some recovery in leeland. If chis analyss is right,
the fifteenth century probably saw an abnormal amount of cyclopic activity
in parts of the Mediterranean, giving more rainfall than is n¢w normal
there bur few extremes of temperarure. Tt is greatly to be hoped thar the
documentary archives of the Spanish and Imlian cathedrals will some day
be systemarically studied for whae they may contain in the way of direct
information on the climatic history of the Mediterrancan regioh.

DEVELOPMENTS IN AFRICA AND INDI

Farther south again, in the desert fegions of north Africa the
the great Arab geographers indicate thar there was more mois

all through the high Middie Ages and after, from the dleventh tp the four-
teench centuries. This probably applicd to Arabia toe. There are descrip-
tions of journeys across the Saharan region? from the north Affican fringe
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o0 Ghana and Mali and o the Kufra oasis (24-25 °N 12 °E), in the eastern
desert. The desert did not extend north of latimde 27| *N. Crossing of the
uninhabited region took rwo months, but even there, gn 2 journey in 1352,
it was reported thar 2 large number of wild carle jﬁcn approached the
caravan. By that date it seems, however, that a drying tendency had set in,
since it was also remarked that the rearing of beef cartle had been given
up in the Kufra region. Formerly, grear herds had folnd pasture there in
regions which had become desert. From the thirzee th century uncil the
fifteenth there was a Mali cmpire, which at its hei
1332 is said to have covered most of west Africa. In 325 the Mali sultan
built a royal palace in Timbuktu and a ower for the mosque. After the
temporary loss of Timbukwu, Mali power was resto
continued until it was abandoned ro the Tuareg pomagls in 1433. Although
it can never be safe to deduce climaric changes from huyman political history,
in this cxtreme region the events described most pfobably confirm that
drying our of the desert region was proceeding causing increasing
difficulry. In the meantime, we do know from the pollen analysis rescarches
of . Maley of che Université des Sciences er Techniques du Languedoc at
Montpellier in France that in the Lake Chad Basin there was 2 Maximum
occurrence of the pollens of the plants of the Sudan-Guinean monsaon
zone flora between abour AD 700 and 1200 and that these and other water-
demanding plants declined rapidly over the period 1300-1500. A curious
feature of the period berween the moisture opuimum round AD 7001200
and the greater difficuities experienced in this area i che Littte lce Age is
that there were successive waves of human migratiop southwards at two-
hundred year intervals, in the thireenth, fifteench and seventeenth
centuries. In these regions we may hope for further and more direct
information from the Arabic libraries, which are reporfed to contain records
of at least the more important years of drought, and) from the continuing
studies and dating of the former levels of Lake Chpd and other African
fakes.

The position is rather similar regarding the climaric sequence in the
Indian subcontinent. K. S. Lal®® has described the spurces of information
on famines and population in India during the Middle Ages and afier.
Although the dara on famines and behaviour of the monsoon in this early
period have not been analysed yer, the population esgimares are interestng,
since they once again produce a sequence which (apart from the under-
lying long-term increase) roughly parallels our estimages of the temperarure
trend in higher latitudes. According to Lal, the best) esrimates of the total
population of the subconrinent rise to 2 raximurm, around 200 tw 300
millions, abous AD 1000, already fall slightly to 190 to 200 millions about
AD 1200 and to 170 millions in 1388, followed by a sharper fall to a
minimum, around 120 millions, berween abour 1525 and 1550. Around
1600 a population of abour 130 to 140 millions i suggested. When all
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DECLINE ‘IN‘ THE LATE MIDDLE AGES

allowance is made for the effects of wars and massacres, it seemns likely thac
famines and discase must be che main explanation for the of popu-
lacion on such a scale as is indicared in the lare Middle Ages. ‘

THE SEQUENCE IN NORTH AMERICA: HOW THE
PRE-EUROPEAN CULTURES WERE AFFECTED

When we turn our atention to North America, the researchds carried our
by the Insttute for Environmeneal Seudies in the University f Wisconsin
at Madison under Professor R A. Bryson indicare drastic popdladion shifis,
the tming and the namure of which point sirongly w a ercorological
explanation. About AD 1000 the Amero-Indian people had Been growing
corn all across the high plains from the base of the Rockies, thiough eastern
Colorade and western Nebraska; and further east there we
settlements in the river valleys, where oaks and cottonwoo
of these places, now known as Cahokia, in southern [llinoiy juse east of
Sc Louis, is estimated to have had a popularion of 40,000 geople. From
pollen analysis studies, and from counring the bones of diffqrent animals

went a rapid change after AD 1200, There was least change in the valleys
close o the warercourses, but the oaks disappeared in most pf the places
where they had grown, and the overall numbers of crees declifed in favour
of the plants of the prairic. And among these the shorrer grasses gained ar
the expense of the bigger, more moisturc-demanding rypes.| At one site
investigated in northwestern Jowa the increase of grass pollen from a negli-
gible proporrion to abour 70 per cent of the not-tree pollens ook only
forty-five years or less. Correspondingly, the forest animals, the deer, gave
way to bison in the people’s dier. These are signs of a signifigant decrease
of rainfall. Moreover, this suggestion accords with the idea |of increased
dominance of the west winds, generated by the increased nogth o south
gradient of temperarure ar a time of cooling of the Arctic.| This would
extend the rain-shadow effect of the Rocky Mountains fartHer east than
before and intensify the dryness within it. The picture is cpmpleted by
wholesale abandonment of the sertlements after about ap 1200, Ac first,
it seems the smaller villages in the driest areas were deseried and people
tended to congregate in the bigger places in che river valleys. Biir ultimacely
even the biggest of them, Cahokia, was abandoned, seemingly fabour 1300;
and when the fitst European (French) traders arrived in the area in the
eightecenth century they found only scatiered, small Indian! serclements.
As Bryson and his collaborators have demonstrared,” the raipfall partern
over the United States in one of those summer months in modern times
that have more than usual development of the westerly winds typically
produces 2 long eastward-pointing ‘finger’ of severe rainfall deficiency,
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cxceeding 50 per cent, an extension of the rain-shadow of the Rocky
Mountains. And this feature is so placed that the main concentration of
the village. sites of the Mill Creek culture in the northern Middle West and
Cahokia irself lay close to its axis. In the always drjer parts of the plains
nearer the Rockies the change in the thirreenth cengury was plainly catas.
trophic: all the small village sites there were soon a andoned.

Bryson estimates that the period of extreme drynegs lasted two hundred
years and coincided with the strong development of the circumpolar vorrex
which carried the westerlies mostly far to the north in the European sector,
accounting for the warm periods of the thirteenth and fourteench centuries
there but also for the vigorous development of the cyclonic rains in Europe
around 1315 when the westerlies came farther south. Much farther south,
over the southern plains in northwestern Texas dnd adjacenr parss of
Oklahorma, the same investigation indicates thar therg would be an increase
of rainfall — as appears to have occurred in the Mediterranean in the high
Middle Ages ~ and it may have been substantial. It i presumed thar it was
towards these regions that the former population ¢f the northern plains
went. Cerwinly, archaeology indicates that the nymbers inhabiting the
so-called Panhandle region of Texas rapidly increated around AD 1200,
Karstrom and his associares in the US Geologichl Survey and in the
University of Northern Arizona ac Flagstaff have found thar the Indian
populations on the Colorado plareanx and neighboyring parts of northern
Arizona and New Mexico experienced changes correjponding ro chose over
the northern plains.® The economy was based orf maize, squashes (i.c.
plants of the pumpkin family) and beans, and somge wild planes. supple-
mented by hunted game. The population had been increasing and spreading
over the area from AD 550 or thereabouts, untii between 800 and 1130
almost every habitable parr of the plateaux was occuplied. It was these people
who creared the grear cliff dwellings of the Mesa Verie and built the many-
storeyed stone villages and towns of Pueblo Bonito gnd the Chaco Canyon
in the tenth to thirreenth centuries. They also built ater control chanpels,
roads and signalling stations. Buc after 1150 many |areas, especially in the
higher parts, were deserred in favour of pasitions glong the bigger stream
courses and more control channels for water for ifrigation and domestic
use were provided. After 1300 the former homelanfls were almost entircly
deserted and the population had moved south ang southwest, along the
Rio Grande and to the Hopi Mesas area in cencral Arizona. The associ-
ated environmental changes, particularly in terms pf moisture availabiliry
and water table, were demonstrated by pollen studjes and tree ring work,
which was also used for the dating,
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THE LITTLE ICE AGE

Backeround to the history of the sixtepnth
and seventeenth centuries

THE SIXTEENTH CENTURY

During the sixteench century we reach the period from which 2 great many
more documencary reparts of the weather survive. This is pagricularly true
for Europe, where the reports are increasingly specific, veriftable and often
precisely dated. Buc also around this time documentary reports begin to be
available for other parts of the world. And the middie and later seventeenth
cenmury provides che earliest instrument observarion records. These, like the
evidence of the glaciers in many parts of the world and of the Arcric sea ice,
introduce us to a colder climare than that of the twentedy century. In
England the late seventeenth—century thermomerer record indicates annual

__mean remperatures abour 0.9 °C (1.6 °F) lower than in the perjod 1920-60.

Qver the years 1690-9 the deficit was 1.5 °C (2.7 °F).

The temperatutes which we derive from the sixreenth-cenrury material
available for England (fig. 30, p. 84} and other parts of Eufope, like the
indications of tree ring width in California (hg. 52, p. 141} and the
palacoternperatures indicated by isotopic studies of the calcig in a cave in
New Zealand,' point to generally rather warmer conditions bietween about
1500 and 1550 than in the previous century. We cannot yet say whether
this was (in terms of the wind circufation patterns) any so of councer-
part to the remporary recovery in part of the fifteenth centry registered
by isotope measurements on the north Greenland ice (fig. 36, p. 93) and
which seems to have affected leeland too. The warmeh of the garly suxieenth
century in Europe was probably produced by rather frequent anticyclones
affecting rhe zone near laritudes 45-50 *N and westerly winds fpver northern
Europe, whereas the previous cenrury — like the period from |1550 to after
1700 - was characterized by a remarkable frequency of antigyclones north
of 60 °N and winds from berween northeast and southeasq over Europe
south of thar laritude.

Deespite the mostly genial character of the period 1500-30, there were
at least three winters in England with enough severe weatherlto freeze over

the Thames in London — it froze more =asily in che days befor* the mbutary
211 !
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streams were put into pipes and the new bridges| allowed the udes w reach
so far up the river — and the summers of che 15§0s on the continent alter-
nated in quality so strongly that graphs of the|tree ring record from the
oaks in Germany and the vintage dates recorded|in France and Swirzerland
produce s regular saw-tooth zig-zag appearance.’ (This Sdgesignarur is a
prime example of the more or less biennial, or diternare years, cycle which
is present and ar times prominenc in many serigs of climacic daca.) These
observations suggest that the warmth of the 150p~50 period in Europe did
not quite march that of 1900 to the 1950s, though the difference was
probably not great. From examination of weather diaries covering the years
1508-31 from two places in Bavaria (Fichstard and Ingolstadt) Professor
Flohn found no significant difference of the winer temperarures from the
level of 1880—1930, but the summers were or| average siighdy (7—8 per
cent) werter and by implication less warm. ‘

In the middle of the sixreenth century a|remarkably sharp change
occurred. And over the next hundred and fifry jears or more the evidence
points to the coldest regime ~ though accompanicd by notably great
variations from year to year and from one group of a few years to the next
— at any rime since the fast major ice age endefl ten thousand years or so
ago. It is the only time for which evidence fiom all parts of the world
indicares a coider regime than now. This may| reasonably be regarded as
the broad climax of che Littie lce Age, thougit we can distinguish some
severer yvears and decades within it and othens thac were less so. From
anorher point of view ir would be reasonable fo regard rhe whole period
berween abour 1420, or even 1190, up o 1850 or 1900 as belonging to
the Lirtde lce Age development.

THE CHANGES IN CENTRAL EUROPE:
15008 TO 1800s

In 1 weather diary kept at Zurich from 1546 to 1570 the relative frequency
of snow among the snowy and rainy days of winter was 44 per cent up

1563 and 63 per cent from 1564 onwards. Flom chis and similar statis--

tical srudics of other data Flohn has concluded that the mean winter
temperature from 1560 to 1399 in cencral Eurgpe was about 1.3 *CC lower
than in 1880-1930 or the first half of the sixtkenth cenmury, while Tvcho
Brahe's observations in Denmark from 1582 to|1597 seem to imply winter
remperatures 1,5 °C lower there than in about the same modern period
used for comparison. We also know from the [anish observations, as well
as from a survey of ships’ experience on the scps berween the Netherlands
and southern Europe. thar easterly winds bedame prominent. In Tvcho
Brahe’s observation series in Denmark southeast was the commonest single
direction over the vear as o whole, and northwest winds were as common
as southwest. No equally reliable assessment o
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has been possible yet in the absence of inscrument mgasurements, although
work on the stable isotopes of the chemical elementy present in tree rings
may lead o such a result when the problems of inferprecation are berer
understood. Meanwhile, we aote that the proporti_?l\ of good wine years
herween 1550 and 1620 in Baden in southwest Germany was rather under
half the frequency berween 1480 and 1550. In fig. B0 (p. 84) we showed
that the summer temperatures derived for England) in the late sixteenth
and sevenreenth centuries averaged 0.6 o 0.8 °C below those of 1900-50
ot the earlier sixteenth cenrury, and it is likely thag the difference would
be a little greater on the continenc. It seems reasonable therefore to arrribute
much, if not all, of the sharp increases of grain pfices seen in figs. 33a
and b (p. 88) to the climatic change. |

We can follow the course of the changes over thiee centuries in ceneral
Europe in some detail in fig. 76, and I am gmamdcbted to the Swiss
historian Dr Christian Pister of Bern for allowing {ne to reproduce these
results of his close analysis of the wealth of documentary reporcs from
Swicerland. The graphs show a progressive cooling 9f the winters from the
1540s to the end of thar century, which was repeated after the recovery to
che 1620s and culminared in the very cold 1690s. Another recovery
followed, but the winrers of the 17505 to 1780s ere again on average
cold. The springs and summers largely pursue p tel courses, but some
of the changes from decade to decade appear sharper than those thac affecred
the winters. The springs of the 1690s and the summers of the 1570s and
1810-19 appear as outstandingly cold. The warm summers of the 1550s
were dry in Switzerland, but there followed more than half a century of
predominance of wet summers, notably so from dhe 15705 to the 1620s
inclusive. There were rccutrences of the wee charadter of the summers in
Swimerland in the 1690s, in the 1720s and 1730s{and frem abour 1760
to the 1780s. None of the other scasons of the yedr showed long periods
of wetness during the Licle lce Age. excepr the aprumns berween about
1760 and the firsc decade of the ninereenth century and to a lesser excent
the autumns of the 1550s, 1570s and 1590s and the period 1690 to the
1720s. The most noteworthy fearure of the autumn; is that they consinued
warm — in fact it was the Augusts, Septembery and Octobers which
continued warm — until the 1560s, even rising to @ maximum of warmch
in that decade. There were other peaks of au warmth in the 1630s,
1660s and 16805 and in the 1770s, in all cases fpllowed by swings to a
much colder climate which usually included a sgharp change to colder
aurumns as well. The coldness of the autumns in{the 1690s, as with the
other seasons, stands ouc .

It is not surprising that the generally cold wet years that predorminared
from about 1570 to 1600, and from 1690 to 1740, produced great advances
of the glaciers in the Alps (fig. 77). (The report pf 2 travcller, Sebastian
Miinster, in 1546 tells us thar the Rhone Glacier in| Swirzerland was already
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Fig. 76 Thermal index (bold ling) and wetness index (broken line) for each season

of the year near Bern and Zurich, Swirzerland, averaged by decades from 1529-9

and 1530-9 to 1820-9. The indices are defined by the numbers of unmistakably

warm (or wet) months minus the numbers of uministakably cold {or dry} months

{respectively) indicared by available documentary records. (Kindly supplied by

D Christian Phister of the Geographical Instiure] University of Bern, Switzerland
and reproduced by permission.)

as far forward as it was around 1900, reaching the broad valley botrom at
the foot of the steep ascent to the Furka pass, though by no means reaching
the size it had in the cighteenth century.) Hfister has exarmned the later
cighteenth century recurrences of cold wet ygars in more derail, using the
instrument readings of the climatic observatgn necwork set up tn 1759 by
‘. : the Economic Society of Bern.® There were strong shorr-rerm flucruations:
the years 1759-63 and 177884 had 2 m tendency; but the period

214

000192




RN WORLD

hﬁ_,ﬁﬂ
{ —
b

%
s
j 3
&
Pl

)

P ]

A ]
]
- :,:
=
»

-

-

/\& /N /

17508

roken line) for each season
by decades from 15259
numbers of unmistakably
ply cold {or dry) months
rds. (Kindly supplied by

Fersity of Bern, Swizerland

)

broad valley borom at
h by no means reaching
has examined the later
n ‘more detail, using the
twork ser up in 1759 by
short-term flucruations:
ndency; but the period

THE LITTLE ICE AGE

Fig. 77 The Rhone glacier viewed from the sanfe viewpoint:
() (top) in 1750: (b) in 1930
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176477 was notabiy cold, the summers being rainy on the Swiss lowlands
and snowy in the Alps, the winters long and snawy, especially around 1770.
The summers were oo short to melt the snows on the alpine pastuses, and
the glaciers advanced strongly; and in 1769-71] the dearth of whear,
potatoes and milk produced famine. There was a rief reperition of condi-
tions similar to these in 181217, with famine in| 1816 and 1817.
Phister has also been able to study weather diarids from the areas around
Bern and Zurich from the year 1683 onwards anfl finds that the average

number of days a year with snow covering the o ound was about 70 in .

the irst twenty years, 75 in the 1690, though 1 the ren years 170514
it was as low (42 days) as in the decade (the 1920s) of mildest winters in
the present century. Morte remarkably, the wintdrs of 1684=5, 1730-1,
1769-70 and 1788-9 produced totals of abouq 110-112 days around
Zurich and in 1784-5 over 150 days in Bern. It s thought chac 1613-14
also had abour 150 days. These figures are to be pompared wich the tatal
of 86 days recorded in 1962-3, the longest winter in Swigerland of the
last hundred years. By staristical methods Pfister [has been able to derive
temperatures from the weather observations in these diaries and finds thar
the mean winter temperarures in Zurich in 168341700 were 1.5 °C below
the 190060 average (which agrees well with the departure derived for
central England, from the dara used in hg. 30, o 84). The grearest devi-
ation from todern times was, however, in the onths of March, which
averaged 2.2-2.7 °C (4.9 °F) colder than in the present cenwury. March
was a full winter month and in all the extreme winters mentioned in this
paragraph had a complete snow cover throughode. In 1687 ac Einsiedeln
(882 m above sea level) chis applied to April aisp. and i the three years
16991701 the snow cover lasted untii 15 May, implying mean rempera-
rures 45 °C below the modern average. The effects of these years on ehe
Swiss farms were drastic. It scems that the grain cfops suffered from attacks
of a parasite, Fusarium nivale, which is active unfder snow cover in spring
in Scandinavia and northern Germany but is npr knewn in Swirzerland
today, And the stocks of hay for the animals rar| out when the snow sill
lay in March and April, so thar the cartle had to {be fed on straw and pine
branches and many cows werc slaughtered. ‘ ‘

Having gauged the situation in Europe where|we have these details, let
us now survey the situation around the world ag we have done for earlier
periods in the preceding chaprers.

JCELAND AND THE ARCTIC FRINGE

Greenland, as we have reported (sce also fig. 25, p. 60}, was aiready cut
off by the spreading of the Arctic sea ice. And by the 1580s the broad
Denmark Strait berween Iceland and Greenland was in several summers
found entirely blocked by the pack-ice. In leeldnd the effects were most
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severely felt in all the northern districrs and ia the est and southeast of
the island. Later, around the end of the seventeenth cerfrury, there are docu-
menary tecords of the advancing glaciers overmunning farms. And from
,bout 1480 onwards there had been disasters, entailing losses of farmland,
chrough glacier bursts connected with volcanic activify under the ice and
consequential river floods bringing rorrents of sand and gravel with them.
These jokulhlaupar charactenistically lasted about on week, and are est-
mared to have brought a maximum diver flow a thoushnd times chat of the
Thames.® During these times, therefore, there was a neral drift from the
farms towards the coast, and an increasing activity in the fishing, in the
more sheltered southwest of the country. The overall|decline of the popu-
jacion, which we have noted in the last chaprer, suggests thar there may
4is0 have been ac least some emigradan out of the coknery altogether. The
sea ice was tending (albeit with many shorter-rerm flueruations) to increasc
further and in the worst year, 1695, sutrounded country entirely so
that no ships could come in for many months. We have referred in chapter
4 to the stll greater spread of the Arctic cold warer. in these circumstances
the cod fishery, which had been the island’s relief, pitimarely also failed,
even in the southwest of the country, for twenty yeary, from 1685 o 1704.
The primidve equipment used by the Icelanders forj their fishery in those
umes played a part in the failure, for foreign vessely operating 20 km off
the south coast werc able to obrain cod.’ At the Faekoe Istands the fishery
failed for thirty years, and it seems that the cold water was extensive in
that direction. As late as 1756 the Arctic sea ice wag again at the coasts of
feeland for thiry weeks.

During the period of these mmanifestarions of strong cooling of the Arctic,
and its spread o middle latitudes, there were WO sgctors of the far north,
in Alaska and Lapland (northernmost Finland), whete the tree ring records
show thar a more genial dimate allowing good gfowth conginued until
1580 ot somewhat after. This can reasonably be dteributed mereorologl-
cally to frequent anticyclones, with sunshinc and some southerly winds, in
those sectors (which are still partcularly prone tol blocking anticyclones
roday). These were doubdess the same anticycloney that werc responsible
for the frequent northerly and easterly winds oved much of Europe and
North America at that dme.

GREAT STORMS AND COASTAL FLOODS
IN EUROPE

As we have remarked in connection wich fig. 23, the spread of the Arctic
ice to Iceland and of the polar water to the r:gioE of the Faeroes meant
that the surface of the North Adantic berween thete and southeast Ieeland
became 5 °C colder chan is usual today. Consequendy, there was 2 greatly
strengthened rhermal gradient berween jaritudes 50 and 61 to 65 "N. This
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Fig. 78 A series of Four daily weather maps from the summd
with observadions from ships of the Sparish Armada and che
Tycho Brahe,

seems 10 have been the basis for the development of
wind storms over this part of the North Atlantic exceed

r of 1588, wnalysed

Danish asrronomer

ceasional cvelonic
ng the severiry of

mast of the worst storms of modern times. This is suggested by the many

coustal disasters from sea foods — even ar 2 tme of skj
level (as indicated by the frst ride gauge, installed ar Am

ghely lowered sea
sterdatn in 1682)

— and erasion and blowing sand. It is mosr ciearly indi¢ated by metcoro-

logical analysis of the weather reporrs available from thq
in 1588 (fig. 78). The analysis of the weather sicuations on
the Armads’s expedition fixes the positions of the d

Spanish Armada
sixry days during
epression  centres

with sufficient accuracy ro indicate that their rates of teavel on ar least six

occasions during that one summer corresponded to jer

stream winds at

the limic of, or beyond, the maximum speeds expected from modern

expericnce,

The development of grear storms in this zone continued: from the vast

North Sea floods and loss of life on the contineneal

coasts in 1570,

mentioned in the last chaprer, to the permanent losses bf land from che
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Danish, German and Dutch coasts {and demolishing pf the island of
Nordstrand) in the storm of 21 Ocrober 1634: to the formation of the
Culbin Sands in northeast Scotland in 1694, and the overwhelming of 2
four-thousand-year-old sertlement site in the Hebrides wifh sand in 1697;
to the great storm which passed across southern England an 7—8 December
(New Style calendar) 1703 and was described in carcful ferail by Defoe.®
The Eddystone lighthouse near Plymouth was blown dowh, as were houses
in towns and countryside all across England to the east gpasg the damage
in London alone was estimated at £2 million; epormous numbers of erees
were blown down; and many ships were blown up-river,lor lifted beyond
the usual reach of the rides, or wrecked on the coast and gr sea; 8000 lives
are said to have been lost. Despite the severity of these flopds on the cond-
nental side in 1634, 1671, 1682 and 1686 and again ar {Christmas 1717,
in each of which some rhousands of people were drowngd, and losses of
fand on many other occasions besides, it is unlikely — inj 2 cold cpoch of
apparentdy mere or less world-wide extent with glaciers g¢nerally in a stace
of growth — that the general sea level was as high as ithad been in the
Middle Ages around AD 1000 and berween 1200 and 1400, though the
difference may have been only of the order of 50 ¢m. The frequency of
such floods berween 1570 and about 1720 must be atjbuted o grearer
storminess. ‘

EFFECTS IN SCOTLAND |

A bizarre accurrence — serious for the individuals concerfed — presumably
resulting from the great southward spread of the polar water and ice was
the arrival about the Orkney Islands a number of timds berween abour
1690 and 1728, and once in the dver Don near Aberdegn, of an Eskimo
in his kayzk. The situation in Scodand iwelf became sefious. The recog-
nition, based on the reports of sea ice and the fisheries, particularly the
cod fishery, that the ocean surface between Iceland and the Fasroe Islands
- only a few hundred kilometres o the north of Scotland — was probably
3°C colder than it usually is roday at last makes sense jof the numerous
teports by leamned travellers of the time of permanent sndw on the tops of
the Cairngorms and elsewhere on the Scorttish mountains} The cod, which
thrives best in rather cold waters at berween 4 and 7 °Cy serves as a valu-
able indicator in this connecrion, because its kidneys faif ar remperatures
below 2 *C and it therefore cannot venture into colder seag. The cod fishery
at the Faeroe Islands began o fail about 1615, and did so increasingly
until, as we have noticed, thers were no cod Lhercahou? for thirty years

berween 1675 and 1704. In the worst year, the same yegr 1695 in which
the ice surrounded Iceland, cod became scarce also i Sherland waters and
disappeared from the entire coast of Norway (except fof a colony appar-
ently surviving in the inner part of Trondheim fjord). It stems safe to infer
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that the Aretic cold warer had spread acrogs the surface of the whole
Norwegian Sea. And although there was some [immediate improvement the
next year, the sea conditions seem to have been significantly colder than
today until well after 1800.

The course of the development in Scotland and the periods of most
severe climatic stress can be idenrified in the| records of famines broughe
together in fig. 79. The information used in this diagram was maniy
compiled from the economic records, annals|and chronicles surveyed by
Lythe and Smout.” Although most of the data relate to castern Scotland,
there are indications that the situation was whrse in the north and in the
poorer Highland districts in the west. The experience of recurrent famines
in the later decades of the sixreenth century was at work in the movement
of emigration from Scodand, then beginning, which was destined to became
a well-known theme in the following centufies. Smout writes that ‘the
stimulus 1o leave Scotland was compounded qf many factors, of which the
gencral poverty and discormfort of the nativel land was the most obvious
... Ulster and (later) America offered empry tefritory; Holland and Engiand
offered mercancile fleshpots; Russia, Sweden, Denmark, France and all the
petty princedoms of Germany offered militaty opporcunity’ (p. 90). The
Scorrish mercenary soldier who figures in thg writings of Sir Walter Scott
was a familiar figure in the wars which troubled Europe in the seventeenth
century, particularly in the service of the Swedish king in cencral Europe
in the Thirty Years Wan ‘by Y660 the stream of milicary migration had
fallen off, . . . Nevertheless even in 1700 there was hardly an army north
of the Mediterranean without Scottish officers of some sort’ (Smout,
p. 92}. But che most serious legacy of this time survives to our own day
in the ‘plantation’ in 1612 of Scots farmers In the richer lands and more
sheltered climate of Ulster in northeast Ireland after first evicting che natrve
Irish. This seems to have been a device of Kipg James V1 at one stroke 10
stabilize the Irish political and religious situarin in his favour and to relieve
the impacr of harvest failures in Scotand, by faking advancage of the power
over Ireland thar fell to him on his accession |to the throne of England. In
modern terms, it would surely be regarded|as 3 model of how net o
conducr international relations and a characrekistic abuse of (near-)absolute
power. It is estimated thar by 1691 there were 100,000 Scows in Ulster,
already about a tenth of the population of Bcotdand, and theit numbers
were soon to be swollen again by cmigranfs abandoning their Scortish
homes in the disasters of the 1690s. Unlike| the protégés from elsewhere
who were intmoduced into Ireland in the seyenreenth cenmury, these were
mostly humble folk who tilled the soil thembelves.

If the Ulster plantation of 1612 was relafed in any way o the dearth
in Scotland in that year, which doubdess awgkened unhappy memories of
the 1590s, it scems to have besn an over-reaction. For more than sixty
vears dearths and famines were less frequent in Scotand than they had
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Fig. 79 Years of reported dearth (broken lines) and famine (Rl lines) in Scotland
berween 1550 and 1700. The information is mainly from castern Seatland. Years
with severe losses of srock (shecp and cartle), usually because of snow, are marked

by does.
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We alsa have the travellers’ reports-of permanent snow on the wos of the
Cairngorms. These observarions scem to requird remperatures 1.5- 2.0 °C
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Fig 80 The site of a village, Dainroun or U ! i ‘

! pper Davidstown, in ch th i
up‘l:laqu of Scotand, which was abandoned in the 16904 The slope fzcscsounueriz i
3-!;1 is 275 m (900 ﬁ:) above sea level. (a) {top) Genell view fram the north, '
1(1) at the sire, looking northeast. The recrangular shapes of the footings of 1
ouse-walls can bc seen in the pictures. (P otographs kindly Supplicgs by
L ]. W. Pothecary.) ‘F
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Norway. In spite of the degree of recovery in the country|in parts of the
sixteenth and early seventeenth century, the total number of farmns in 1665
was less than it had been around 1300, and there were more desertions
fater in the seventeenth cencury, among them the whole yillage at Hoser
{as noticed in the last chaprer). Over the next hundred ypars farms were
in some cases overrun by the advancing glaciers and their land pardy
destroyed by avalanches, floods, rock-falls and landslides. Og the Hardanger
Vidda plateau small new glaciers were formed, one or two of which survive
as dead ice today. Berween 1936 and 1951 rwo sections ¢f a rope fenee,
which had been erecred on 2 mounrainside near Olden in Nordfjord in
west Norway by the farmer who owned the land from 1602 to 1624 o
protect his sheep from wolves, were found to have been redezsed from the
snow and ice which had covered it in the intervening timg. Ir seems char

Ieeland, although there were some harvest failures ac che nd of the six-
teenth cenrury, The country probably benefited from the jnflience of the

Fig. 81 Threc nineteenth—~century picturss showing the rypes lof boar and the
methods of diving cod used in the Norwegian coasr ﬁsheries‘uvﬂr some hundreds
of years: (a) A vessel with o in ro water on the west toast making foc
Bergen (picrure published imur:k Penning Magazin-in 1836, but which apart

m the flag could be in rﬁe sixveenrh uenmry].
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Fig. 81 — continued (b) A rowing boar and fishing scarion
to dry (from Norsk Skilling Magazin 1868). (¢) Splic cod dryigg on the rocks near

% by Wilse, in Norsk Folkernudenm.} (The picrures
ar (a) and (b) were republished in Kar Lindbekk, Loforen of Veiterdlens Historie
15001700, Kommunene i Loforen og Vesterdlen 1978; copics of the pictures were
kindly obtaincd and supplicd for this book by Fvar Toflen and @ysrein Bottolfsen
of Stokmarknes in Vester3len. The picture at (c) was sitnilarly olprained and supplied
by Professor Trygve Solhaug of Bergen.)
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anticyclones and southerly winds of which we have noticed evidence in the
tree rings in Lapland. The tking up again of long-abandoned farms on
the higher ground in south Norway conrinued untl jabour 1640. A
reassessment of farm and land values carried our with grear care in 1667
put up the taxes and land-rents, which were paid in kind,
had been in the previous century. But troubles and difh
nature began soon after that. Reports of rock-falls, a
and fiood damage led to pleas for reducton of taxes which were meticu-
lously investigated and generally granted. By the late 16804 and 1690s these
incidents had mulriplied manifold, and the glaciers thempelves wete aver-
running farmland.® There was a greac frequency of ters in these
categories in Norway bewween abour 1690 and 1710,
with lictle abarement untl the middle of the cighteenth ¢entury and then
tailed off to reach a negligible level in the middle decadps of the present
cenrury. '
The worst years for the harvest in the Trondheim digrict of Norway
often came chree in a row, according to an eighteenth-ceprury Norwegian
historian, G. Schening, writing in the first volume of the Trondheim
Sociery’s Skrifeer (1761}, He lists 1600-2, 1632-4, 1683-7, 16957 and
1740-2 as examples. In many of those years, however, the herring fishery
was better than usual. Schening wrote: ‘the namural cause bf this is withour
doubt that the self-same condirions which produce harvest failures wich us,
namely long-lasting harsh and stormy westerly and northerly winds . . .
drive the grear fish stocks of the Arctic Ocean [Barents Sep] in greater than
usual numbers 1o our coasts’. This explanation was no dopbt broadly right
except in relation to the exrreme situation in the 1690s when the fish scem

: In north Nerway the population flucruated remarkably during the
i sixteenth and seventeenth centuries with the variadons of the fisheries, as
f can be established from the raxation documents.” In Loforgn and Vesterdlen
| there was a maximum of population about 1618, followed by a 20-30 per
: cent fall over the next thirry years, then an even greater [maximum in the
f 1650s followed again by a nearly 30 per cent fall 1o the egd of the century.
‘ It seemns thar these changes must have involved migratiop of fishecfolk in
| ~ and our of the region from the south. The climate connection is partly
‘ obscured here by the effect of changes, conuolied by and peace in
central Europe, in the amount of trading of fish — notably dried cod - for
corn from the easrern Baltic lands (fig. 81). But it is clead char the fisheries
were in poor shape in the later part of the seventeenth [century and that
farms were once again: being abandoned on a considerable scale in north
Norway especially in the later decades of the scvenreenth century.™

In Sweden most of the same pressures are registered as elsewhere in

scerns no mistaking ‘that northerly storms in the Norwegian Sea and the
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northern Europe, though less severely than in Norway or Russia. (There

30—
25
5 §. 20t
§§ 15
AN
Sk
oL
1500
Fig. 82 Periods «
{c} the incidenc
E. J. H. Beverto:
Qezan . . in U
Climatic Change:
severity of the

otation.) In nc
and agriculeure
because only o

occupied. And
ceneury, alchou:

in Sweden and

FISHER

The Baltic and
changes, largel
climatic as we
fig, 82. How !
known, of co
however, corre

of Iceland. In

have preferred
normally inhak
wrore of the ir
WwWas a fﬂm[ﬂ

population an
moved from
sixteench-cene:
times of our g




RM WORLD

A noticed evidence in the
B 5-abandoned farms on

& ungl abour 1640. A
-fwith great care in 1667
lind, above what they
J difficulties imposed by

, avalanches, landslides
bwes which were meticu-
16805 and 1690s these
themselves were ovet-

& of disasters in these
4 1710, which con:inued

 reenth century and then

B decades of the present

eim districe of Norway
Aeenth-century Norwegan
llume of the Trondheim
44, 1685-7, 1695-7 and
er, the herring fishery
&l cause of chis is without
iflce harvest failures with us,
and northerly winds . . .
{[Parents Sea) in greater ¢
[ a5 no doubr broadly right
1690s when the fish seem

&d remarkably during the

| riations of the fisheries, as
49 In Lofoten and Vesterilen
k8, followed by a 20-30 per
fkn greater maximum 1 the
A&l 1o the end of the century.
A migrﬁrion of fisherfolk m

imate connection is parcy

Lolied by war and peace

4h — notably dried cod — for
At it is Clear that the fsbenes
L enceenth century and that
considerable scale in no
A seventeenth century.’ _
e repistered as elsewhere i1
n Norway or Russia. {There

¥ the Norwegian Sea and the

@

THE LITTLE ICE AGE
30 T T T
[[H]

1 Swedish &
- ' Baltic

Norwegian

1 L L 1
1500 1600 1700 1800 1500 12000

Fig. 82 Periods of herring fishery; (2) Norwegian coast; (b) Swedish coast (Baltich;

(c{ the incidence of Arcric sen ice ar the coasts of d. (Adapred from

R. J. H. Beverton and A. J. Lee, "Hydrographic fiucruarions in the North Adantic

Ocean . . ., in C. G. Johnson and L. B Smith (eds), The Biologica! Signifrance of

Climatic Changes in Brivain, ?E;UTB-IOT, London and New Yorx, Acasn:,mic Press
for itute of Biology, 1963.)

severity of the winters in Russia were prime aspects pf the climacic deteri-
oration.) In north Sweden there is lirde sign of the rerrear of sertlemenc
and agriculture chat was so widespread in other parts of Europe, probably
because only the best land and the best sites for halfitation had ever been
occupied. And in Finland desertions hardly begin Hefore the seventeench
century, although there was some migration of Finns|to sertle farcher south
in Sweden and Norway already in the sixteenth cenfury.’!

FISHERIES AND THE SEAFARING NATIONS OF
NORTHERN EUROPE

The Baltic and North Sea—Norwegian Sca herring fisheries underwent shatp
changes, largely alternating with cach other in a way that had ebvious
climatic as well as historical significance. The varigtions are outlined in
fig. 82. How far they represent migrations of the spme fish stocks is not
known, of course. All five of the Norwegian hdrring fishery periods,
however, corresponded to minima in the occurrende of ice at the coasts
of Iceland. In the sixteenth and sevenreenth cenrury|cases the fish seem 10
have preferred the North Sea rather than the Norweglan coast. (The herring
normally inhabit warers with temperanures between 3{and 13 °C.) Trevelyan
wrote of the impact on English history:'? “The increase of deep-sea fishing
was a feature of carly Tudor dmes and helped to Build up the maritime
population and strength of the country. . . . Thq herring had recentdy
moved from the Baltic into the North Sea’ and in e words of the lare-
sixecenth-cenrury English historian, Camden: “Thescherrings, which in che
times of our grandfathers swarmed only about Noryay, now in our times
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+ « . swim in grear shoals round our coasts every year” Thus, in ar |
this aspect and perhaps in ethers, the Lictle Ice
at the expense of her northern neighbours.
Sumilady, the cenruries we have reviewed |witnessed the decline o
Trondheim as a northern capiral, che shift of die Norwegtan court firse to-s
Oslo and the Akershus fortress and laver to Copenhagen afrer the unio
of the northern kingdoms: finally in 1536 Norway ceased to exist as a
scparate counrry (until 1815). A parallel (but shorter distance) sourhward
movement took place in Scotland and ¢ ated in the union with :
England in 1707, :
The prosperity of Holland in the first half of the seventeenth century }
also owed a good deal o the transference of the fisheries 1o the North Sea |
and Atlantic waters, as well as 10 an industridl revolurion based on the |

explottation of the windmill. The rise of Dutchi sea power also had someT "%
thing to do with the chaos produced by the Thirry Years War in ceneral . %

Europe and the need to protecr Duich trading iprerests in troublous dmes!
Later in the seventeenth cenrury the prosperity declined somewhat, owing
partly to the incidence of great storms and sda floods which broke the
dykes as well as to poorer yields from both Enrning and fishing. '

HARVESTS AND HEALTH IN ENGLAND

England did not altogether escape direct impacts from the development of
the Lirde Ice Age climate, however. Hoskins's| survey of English wheat
harvests, mainly in the west, from 1480 1o 1760"% shows a few runs of
terrible years, among which some in the 1550s anid 1560s, 1594-7, 16928,
as well as the years 1709, 1740 and 1756, stanfl out. There were notable
runs of good harvests in the 1490s, 153748, 1685-90 and 1700-7, and
a much greater proportion of good harvests frojn 1717 to the end of the
5 i

For England the summers of 1555 and 15p6 and the harvests they
produced certainly came as a severe shock after the easier times that
preceded them. Already in 1550, 1551 and 1954 che harvests had been
mediocre or worse. Whether the ourcome should be described as famine
is debarable, but presumably maloutridon aggravdted the influenza epidemic
of 15578 in which whole families died."* A cloge study of the registers of
births, marriages and deaths in a sample parish| Colyron (near Exeter) in
southwest England, provides a survey of irs pogulation from abour 1550
onwards."” There was a dedine in the 1550s, when deaths exceeded the
number of births for several years. Thereafter, theps was fairly steady growth
until the last plague epidemic in the area in the| 1640s reduced the popu-
lation by about 20 per cent in 2 single year. Buf afterwards, apart from a
spurt of marriages in the 1650s, there was no real recovery for 2 long time.
The yearly number of burials exceeded the births from the 1660s until
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about 1730. Only after the 1780s were the births spbswantially in excess.
Delay of the marriage age and a gencral loss of ferrility seem to have been
the order of the day. From 1560 to 1645 the average age of the women
of the parish at marriage had been 27, then undl after 1700 ic was 30
years. After 1720 it began to fall: the long-term average around 1300 was
25 and in the 1830s it had fallen to 23 years. Whagever the exact causes
of these changes in this agricnltural parish, with irs market town and
involvernent in the woollen indusiry, the numbers 4f the population and
the expectadon of life show an obvious and direct hssociation with what
we belicve to have been the variations of prevailing remperature, apart from
the plague of the 1640s.

THE VARIABILITY OF WEATHEA IN THE
LITTLE ICE AGE

The difficulties imposed by the climare in the Lingle lee Age rime were
not only due to the lower temperarures, to which any generation could no

doubr adapr, even if with some effects on health, fermility, length of life, .

etc. But, as the harvest results mendoned in the las¢ two paragraphs have
implied, there was an enhanced variability of the terhperature level, which
must have badly upset harvest expectations and poged 2 need for storage
of reserves of foodstuffs beyond the resources of the communiry ar chac
time. This was not just an occasionally very wide variabiliy from year to
year but, doubtless with more distressing effects, | tic wide differences
berween one group of up to six or eight years and che next, This is a
characteristic which seems to have recurred in refent years. The well-
known occurrence of very hot summer weather inf the two summers of
1665 and 1666, when London experiehced its last jgrear epidemic of the
plague which ended with the great fire that burnt fhe city in Seprember
1666, occurred in the middle of the coldest century of the last millen-
nium; this inevitably now arouses memories of the fummers of 1975 and
1976. Similarly, the two winters with least Baltic icel as shown by.the over
four hundred years long record of ice closing the port of Riga occurred
in 1651-2 and- 1652-3; the winter of 1658-9 produced the oppositc
extreme — much as the great Baltic ice winters of} 1962-3 and 19656
ocourred only a few years before the ice-free winter of 19745, This
tendency can be illustrated also by the listng of the| most extreme winters
and summers shown by the temperacures measured in England since 1639,
in tables 2 and 3 below. Notice particularly the o¢currences of opposite
extremnes within a few years of each other in the Litde Ice Ape, in the
winters of the 1680s, 1690s and the 1790s, and in the summers of the
16705 and around 1720.
The temperature values quoted in tables 2 and |3 are from the senes
painstakingly homogenized by the late Professor Gdrdon Manley.¢
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CLIMATE, HISTORY AND THE MODERN WORLD

Table 2 Average temperatures over Decembet, January tand February in the seven

coldest and scven mildest winters in cencral Eﬂ%lind berween 1659 and 1979
(long-term average for wineer 1850-19p0 4.0 *Q)

i

Winger 16834 173940 1962-3 181314 17945 1694-5 18789
*C -1.2 0.4 0.3 +0.4 +0.5 +0.7 +0.7

Wimer  1868-9 18334 19745 16856 1795-6 17334 19345
°C 6.8 65 - 63 63 |62 6.1 6.1

-

Some of the gentry who had taken over the former monastic estates in
England after the Reformarion were encouraged |by some of the warmer
sumnmers of the late sixteenth to eighteenth cenjruries to try once more
establishing vineyards, as the monks had done & the high Middle Ages,
though protected by specially buile walled gardens and not in the open ¥
feld a5 of old. However, when Samuel Pepys went in July-August 1661
to sce one of the grandest of them, the vin which the Cecils had
established fifty years earlier at Harfield House, he remarked only on the -
coldness of the day and the size of the gooseberties. K

Table 3 Average wemperatures over June, July and August in the fourteen horrest
ind EReen coldest summers in central England |berween 1659 and 1973 e
(long-term average for summer 18501950 15.2 *C) ¥

Summer 1826 1976 1846 1781 1911 1933 1947 3
°C 17.6 175 171 170 170 170 170

T Summer 1863 1899 1676 1975 1666 1719 1762
' e 169 169 168 168 167 167 167

1R : Summer 1725 1695 1816 1860  1823| 1674 1675

i oC 131 132 134 135 136] 137 137
¥ Summer 1604 1888 1922 1812 1862 1698 1890 1920
e 137 137 137 138 18] 140 140 140
Fig. 8.
NOTABLE WINTERS AND SUMMERS IN EUROPE Febru

The period of history with which this chaprer degls was, of course, the rime
of the great frosts which froze the rivers of Enrope (fig. 83). The River
Thames was frozen over in Londen at feast 11 times in the seventeenth
century, 2022 dmes berween 15645 and 181314, This phenomenon in
juself was probably not of very great econemic importance, particularly as it
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83 The frozen River Thames in London: (a) (top) in Ds
tuary 1684. (The painting by Abwham Hondius in (4
courtesy of the Museum of London.)
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came to be an expected norm and society was adjusted g it. Nevertheless
the careful records that were kept of when the Durch canpls were closed g
traffic because of ice have made it possible to reconstryer che prevailing
winter temperatures in the Netherlands back to 1634.'” The series confirms
the very low winter temperatures berween 1670 and 1700 bur suggests thar
in the Netherlands — more than in England - the coldness of the seventeenth
cenrury wingers was fully matched for some decades around 1800, The long-
term average winter temperacures for central England between 1670 and
1700 suggest that the normal yearly number of days wich snow lying mus;
have been 20-30 as against the 2-10 days which has charycrerized much of
the present century. In the extreme cases of the seventeenth cenury we have
a few reports of much greater totals: 6070 days at Aldepham in 1662-3,
about 80 days at Buckiand (also in Hertfordshire) in 17834 and 102 days
at another point in soythern England in 1657-8. These may be compared
with the general experience of between 50 and 65 days in 1962-3 and about
40 days in 1978-9. The grear winter of 16834 was also demarkable for the
recorded fact that the ground was frozen to a depth of neadly 4 fi (more than
1 m) where it was snow-free in southwest England (So rset). In 16834
also beles of sea ice 5 km broad appeared along the Channpl coasts of south-
east England and France; at the North Sea coast of the Netherlands the ice
bele is believed ro have been 30-40 km broad (see dso pp. 238—40).
Shipping was halted, as in the Baltic. Similar conditions probably occurred
in the winter of 1607-8. _

The lowered summer temperatures in and around the 16905 were prob-
ably more important economically than the severity of] the winters. We
have reported the faitures of the harvest in Scotland in those years and the
similar difficuldes in Norway and Swirzerland. In England the growing
5C0O500 Was pn:sumably shortened on che long~cerm {30430 yﬂﬂfS) avcrige
by abour 5 weeks in comparison with the warmest decydes of the wen-
tieth cencury, and the yearly total accumulation of summér warmth for che
crops correspondingly reduced. In rthe coldest individual ygars such as 1695,
1725, 1740 and 1816, when spring, summer and aurymn ternperatures
were low and the summer monchs mostly abour 2.0 °C{(3.6 °F} or mom
below the modern normal, the growing scason was pobably shorrened
by two months or even rather more. The effects on crops in the lowland
countries of Europe, particularly the continenc’s main “brgadbaskets’ on the
eastern part of the grear plain in Poland and Russia. angl in France, seem
not to have been by any means as serious as in the upl ds, buc in 1693
the harvest failure was more general and from 1695 ¢ 1697 there was
famine in eastern Europe, e.g. Estonia ‘

There is a0 apparent anomaly in that the years berwe
saw the Arst grear growth of merchane shipping in Norway, the first steps
ro thar country’s later possession of one of the biggest gerchant flecrs in
the world. It scems from the local histories recorded ardund the coases of
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