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The middle of the first millennium AD in Sweden witnessed significant changes in the archaeological record,
prompting various discussions about the underlying causes. This paper reviews the research developments
surroundingtheglobalclimatecooling,whichwascausedbyseverevolcaniceruptions inAD536/540andis referredto
as theLateAntiqueLittle IceAgeorFimbulwinter, and itspotential impacts,withaspecific focusonSwedishIronAge
societies, drawing upon published climatic and archaeological data. Furthermore, it discusses the research gaps that
impede a comprehensive understanding of the potential relationship between the AD 536/540 event and
socioeconomic changes in Iron Age Sweden. Additionally, it suggests that isotopic analysis will offer additional
insights and help bridge the research gap.
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As a result of growing concerns about the impacts of
contemporary climate change, research in recent years
has shown an interest in exploring the relationship
between climatic fluctuations and human responses in
the past (Diaz & Trouet 2014; Rick & Sandweiss 2020).
The various challenges, spanning from climate change,
food insecurity, and animal extinction to ecological
disaster and societal instability, that our planet is facing,
have led researchers from different disciplines to
investigate past human responses to climate change in
order to find ways to mitigate the impact of contempo-
rary climate change (Redman 2005;Diaz &Trouet 2014;
Rick & Sandweiss 2020). In archaeological research it
has become a major subject, even though it presents
great challenges (Rick & Sandweiss 2020). According to
Kintigh et al. (2014), understanding past human societal
responses and the reasons behind their vulnerability or
resilience to climatic fluctuations is one of 25 great
challenges in archaeological research. Human societies
are complex systems, and they can react to environmen-
tal and climatic changes in various ways (Diaz &
Trouet 2014), thus it would be presumptuous to think
that we could find one general response to climate
change no matter what the society looks like or where it
is situated.

Abrupt climatic alterations havebeen consideredas one
of themain driving factors behind societal reorganization,
civilization collapses, population declines and material
culture changes around the world (Weiss et al. 1993;
Gill 2000; Haug et al. 2003; Drake 2012, 2017; Ganiev
2014; B€untgen et al. 2016; Douglas et al. 2016; Psomiadis
et al. 2018; Degroot et al. 2022). Large explosive volcanic
eruptions can, for example, cause significant climate
impact because of their substantial SO2 emissions and
the subsequent formation of sulfphate aerosols in the

stratosphere. These aerosols reflect incoming solar
radiation, reducing the amount of sunlight available for
primary production at the Earth’s surface (Kostick &
Ludlow 2015). A long-lasting cold event caused by
multiple severe volcanic eruptions in AD 536/540 has
been recorded in various historical sources and dendro-
chronological and ice-core data (Stothers & Rampino
1983; Stothers 1984; Rampino et al. 1988; Baillie 1994,
2008;D’Arrigo et al. 2001;Arjava2005;Larsen et al. 2008;
Ferris et al. 2011; Churakova et al. 2014; Sigl et al. 2015;
Toohey et al. 2016; Dull et al. 2019; Helama et al. 2019).
This event was first recognized by Stothers & Ram-
pino (1983), and the extent of its global impact has been
confirmed by high-resolution climatic data (Baillie 1994,
2008; Larsen et al. 2008; Churakova et al. 2014; Sigl
et al. 2015; B€untgen et al. 2016; Toohey et al. 2016; Dull
et al. 2019; Helama et al. 2019). Several studies have
considered the AD 536/540 event as one of the factors
contributing to sociopolitical changes such as settlement
abandonments, population declines, migrations, the
spread of the Justinian plague, the transformation of
theRomanEmpire, the invasionof Italy by theLombards,
the rise of the Ottoman Empire as well as the Arabic
Empire, the collapse of the dynasties in China and the
crisis (Hiatus) in the Mayan society (Stothers 1999;
Gill 2000; Gunn 2000; Hirschfeld 2006; Ganiev 2014;
Kostick & Ludlow 2015; B€untgen et al. 2016; New-
field 2016; Fuks et al. 2017; Helama et al. 2018; Fell
et al. 2020). The event has also been connected to severe
famine and economic crisis around the world owing to
crop failure (Stothers & Rampino 1983; Stothers 1999;
Arjava 2005; Woods 2010; McCormick et al. 2012;
Kostick & Ludlow 2015; Breeze 2016; Fuks et al. 2017;
Helama etal. 2018).Less is knownabout the impactof this
event on Scandinavian societies (van Dijk et al. 2022).
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InScandinavia, the considerationof climate changeas a
driving factor for the observed changes in the archaeo-
logical record in the middle of the first millennium AD
began in the 1950s and 1960s (Arrhenius 1955; Almg-
ren 1957; K€onigsson 1968; see Gundersen 2019 for
research development in Norwegian archaeology).
Gr€aslund (2007) revived the discussion of climate change,
and specifically theAD536/540 event, as one of the causes
behind the 6th century crisis and developed the so-called
Fimbulwinter theory, which influenced several subse-
quent studies (Gr€aslund & Price 2012; L€owenborg 2012;
Arrhenius 2013; Bondeson & Bondesson 2014; Tvauri
2014; Price & Gr€aslund 2015; Zachrisson 2017;
Gundersen 2019, 2021; Solheim& Iversen 2019). TheAD
536/540 event in Scandinavian research has been linked to
the increased number of gold hoard depositions, different
ritual practices, settlement and burial abandonments,
demographic decline, famine and the spread of ergotism
and Justinian plague (Axboe 1999, 2001; Gr€aslund 2007;
Gr€aslund&Price2012;L€owenborg2012;Arrhenius2013;
Bondeson & Bondesson 2014; Tvauri 2014; Price &
Gr€aslund 2015; Solheim& Iversen 2019).

This paper will review the research developments of
the AD 536/540 event and its possible impacts with a
focus on Swedish Iron Age societies, using published
climatic and archaeological data. The aim of this paper
was to review (i) the research history of the AD 536/540
event, (ii) the palaeoenvironmental changes in Sweden
during the Late Holocene and (iii) the changes in the
Swedish archaeological record during the middle of the
first millennium AD, and to discuss (iv) what is missing
from the research in order to understand a possible
relationship between the AD 536/540 event and socio-
economic changes in Iron Age Sweden.

Background

The AD 536/540 event

In the early 1980s, when Stothers & Rampino (1983)
searched for evidence of historical volcanic eruptions in
written sources from theMediterranean, they uncovered
the AD 536 event. They were able to establish chrono-
logical correlations between the historical sources
describing the event and available climatic data (Stothers
& Rampino 1983). Following this, Arjava (2005)
compiled all available historical sources from the
Mediterranean region to investigate the effects of this
event, including descriptions from Cassiodorus, who
described the Italian famine in AD 537. Other historical
sources, e.g. from Europe (Britain, Ireland), the Middle
East, and Asia (China, Korea, Japan), also refer to this
event as a period marked by summer frosts, severe
famine, and population decline (Rampino et al. 1988;
Baillie 1991, 1994; Woods 2010; Newfield 2018).

In early research, this event was described as
atmospheric veiling and cooling resulting from the

emission of sulphuric acid aerosols into the atmosphere,
coming from a tropical volcanic eruption in Rabaul on
the island of New Britain, Papua NewGuinea (Stothers
& Rampino 1983; Stothers 1984; Rampino et al. 1988).
Sulphate aerosols from volcanic eruptions can affect
radiation, atmospheric and surface temperatures, and
local weather conditions, leading to worldwide climate
cooling (Churakova et al. 2014). Baillie (1994) ques-
tioned the volcanic origin of the AD 536 event owing to
the limited ice-core evidence for volcanic activity, and
instead he suggested that this event could be associated
withacometoranasteroid,whichwas later supportedby
Rigby et al. (2004). However, this assumption was
withdrawn some years later (Baillie 2008), after new
evidence of large eruptions, when Larsen et al. (2008)
provided data from sulphate deposits in ice cores
supporting the volcanic origin of this event. Dendro-
chronological data further pointed out two volcanic
eruptions,one inAD536andone inAD540(Baillie1994,
2008). This was confirmed by Sigl et al. (2015) using
ice-core data, where they found evidence of at least two
large volcanic eruptions that had occurred, one in AD
536andone inAD539or540.While theoriginof the first
eruption in AD 536 was proposed to be in the Northern
Hemisphere (Larsen et al. 2008), Ferris et al. (2011)
rather considered a large eruption in the tropics as its
origin. The source of the AD 539/540 eruption has been
suggested to be the Tierra Blanca Joven eruption of
Ilopango, a volcano in El Salvador (Dull et al. 2019).

The prolonged cold conditions that followed the two
eruptions had a larger effect in the regions in the
NorthernHemisphere than in the SouthernHemisphere
(Sigl et al. 2015; B€untgen et al. 2020, 2022). Dendro-
chronological data indicated that the effect had a wide
geographical distribution from Mongolia and Siberia
(D’Arrigo et al. 2001; Churakova et al. 2014) to Europe
(Baillie1994;B€untgenetal. 2016;Helama etal. 2019)and
NorthAmerica (Salzer&Hughes2007).Theperiod from
AD 536 to 545 was the coldest decade of the past two
millennia, with the year AD 536 being extremely cold
(Larsen et al. 2008; Sigl et al. 2015; B€untgen et al. 2020).
Summer temperature reconstructions showed a temper-
ature decrease of 1.6–2.5 °C in AD 536 and one of 1.4–
2.7 °C in AD 541 in Europe (Sigl et al. 2015). Toohey
et al. (2016) reconstructed monthly mean temperature
anomalies and found a decadal temperature decline of
0.7 °C for AD 536–545, with a mean temperature
decrease of 2.0 °C after the AD 540 volcanic eruption.
Summer temperature reconstructions from Scandinavia
and Finland showed decreased temperatures of around
1.5–2.0 °C in AD 536 and 540 (Briffa et al. 1990, 1992;
Esper et al. 2012). B€untgen et al. (2016) suggested that
three large volcanic eruptions in AD 536, 540, and 547
resulted in a long-lasting cooling from AD 536 to 660,
which is referred to as the Late Antique Little Ice Age
(LALIA) (B€untgen et al. 2016, 2020).Thedurationof the
LALIAhasbeendoubtedas the evidence foraprolonged
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cold period lasting until AD 660 is not found widely
across the Northern Hemisphere, and also owing to the
fact that the LALIA overlaps with a previously
determined cold period, the Dark Ages Cold Period
(Helama et al. 2017a,b). In response to this, B€untgen
et al. (2017) doubted the termDarkAgesColdPeriod, as
they claimed that this term is limited by its unknown
origin and length. Furthermore, van Dijk et al. (2022)
suggested that the cooling lasted for approximately
20 years after the eruptions, and in their model, it is not
possible to identify a century-long cooling.According to
B€untgen et al. (2016) and Helama et al. (2018), the cold
conditions were sustained by ocean and sea-ice feed-
backs, and reduced solar radiation.

TheAD536/540 event hadmoreprofound effects than
other, more recent and well-known volcanic eruptions
such as the Tambora eruption inAD1815, which caused
worldwide crop failure and famine (Baillie 1994). The
AD 536/540 event has been considered as one of
the factors, together with political and economic
conditions, that contributed to the societal changes
recorded in this period worldwide (Stothers 1999;
Gill 2000; Gunn 2000; Hirschfeld 2006; Ganiev 2014;
Kostick & Ludlow 2015; B€untgen et al. 2016, 2022;
Newfield 2016; Toohey et al. 2016; Drake 2017; Fuks
et al. 2017; Helama et al. 2018; Fell et al. 2020). The
possible effects of this event could be crop failures and
famine, and it has been suggested that it contributed to
the spread of Justinian plague and population decline
(Stothers & Rampino 1983; Baillie 1991, 1994;
Stothers 1999; Arjava 2005; Stathakopoulos 2007;
Woods 2010; Gr€aslund & Price 2012; McCormick
et al. 2012; Kostick & Ludlow 2015; Breeze 2016;
B€untgen et al. 2016; Newfield 2016; Fuks et al. 2017;
Helama et al. 2018; Fell et al. 2020). Helama et al. (2018)
highlighted that not only the cold conditions but also the
reduction in solar radiation could contribute to the
outbreakof famine andplague as a result ofmalnutrition
and deficiency of vitamin D. Temperature fluctuations
would mainly have affected agricultural production in
northern marginal and high-altitude regions, especially
in Scandinavia and the Baltic countries (Rampino
et al. 1988; Toohey et al. 2016). This spatial variability
also agrees with the observation by Arjava (2005) about
some written sources in the Mediterranean that did not
refer to the climate event.

The AD 536/540 event in the Swedish research

Migration Period Crisis

The 5th and the 6th centuries AD are considered as a
period of sociopolitical turmoil and economic crisis in
Sweden and Scandinavia in general (Price & Gr€aslund
2015). The changes in the archaeological record have
been termed theMigrationPeriodCrisis in early research
(N€asman&Lund 1988; Berglund 2003), and the reasons

behind this crisis in the middle of the first millennium
AD have been debated for a long time (Stenberger 1933,
1955; Pettersson 1955; Nerman 1963; Seger 1982;
Widgren 1983; Ambrosiani 1984; Flink 1986;
Herschend 1988, 2009; Fallgren 2006).Multiple theories
such as war, migrations, societal changes, Justinian
plague, climatic change, and soil deterioration have been
suggested for causing the observed population decline,
abandonment of settlements, and agricultural crisis in
Sweden (Stenberger 1933, 1955; Pettersson 1955; Ner-
man 1963; Seger 1982; Widgren 1983; Flink 1986;
Herschend 1988, 2009).

Stenberger (1933, 1955) suggested that war was the
reason for the settlement abandonment on the islands of
€Oland and Gotland. His conclusion was based on his
observation of the destruction of the houses by fire and
the discontinuity in grave sequences, along with the high
number of gold hoard depositions dated to this period
(Stenberger 1955: p. 1164). A similar interpretation was
given by Nerman (1923, 1963), who posited a crisis
period at around AD 475–550 resulting from war and
emigration.Hesuggested thata significantproportionof
the population migrated from Gotland to the Baltic
countries at around AD 500, leading to a period of great
turmoil on the island (Nerman 1923: p. 6, 1963: p. 20;
Stenberger 1955: p. 1165). Herschend (1988: p. 62, 2009)
interpreted the changes as a result of the fall of the
Roman Empire, and he claimed that there was an
economic relationship between the Roman Empire and
Scandinavia, which was disrupted owing to the empire’s
fall, leading to long-term social stagnation in Scandina-
via (Herschend 2009). On the other hand, Gr€aslund
(1973) viewed the Justinian plague of the 540s as a
possible explanation for this crisis.

The first time that climate change was consideredwas
byOlofArrhenius (1955).Heappliedphosphate analysis
at the Vallhagar site onGotland and observed that most
of the Iron Age settlements were situated on clay areas
(Arrhenius 1955: p. 1062). He interpreted the disconti-
nuity as a change in the way of living and cultivation
methods, suggesting that increased precipitation during
the latter part of the Migration Period had catastrophic
consequences on agriculture in clay areas, resulting in
starving cattle stocks (Arrhenius 1955: pp. 1062–1063).
Conversely, Pettersson (1955: p. 56) concluded that soil
degradation could be a more probable reason for the
abandonments, as thewet conditions could be beneficial
for the dry soils of Gotland. Almgren (1957) agreed that
climate and other natural conditions contributed to the
settlement abandonments. K€onigsson (1968) suggested
that climate changewas themain cause for changes in the
settlements of €Oland during the Migration Period. Soil
deterioration resulting fromclimatically related leaching
and deforestation has been proposed by Sj€obeck as a
significant factor leading to settlement abandonment
(Sj€obeck 1950; Stenberger 1955: p. 1177). Intensification
of cultivation leading to soil exhaustion and changes
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in agricultural technological tools were considered
as possible reasons for the observed changes in the
archaeological record, but they were rejected by Widg-
ren (1997: p. 50).

Carlsson (1977) expressed doubt regarding the aban-
donment of settlements and provided examples of
settlement continuity on Gotland. Additionally, he
rejected the idea of a crisis, asserting that only a small
proportion of the settlements (around 10–15%) were
abandoned, whereas the majority remained in use
(Carlsson 1984, 1988: p. 38). He also argued that the
reduction in settlements occurred from the 5th until
the 17th century, highlighting that it was a long process
(Carlsson 1988: p. 40). Early research doubted climate
deterioration as an explanation for the changes in
Sweden during the middle of the first millennium AD
owing to limited evidence ofmajor climatic disturbances
(Stenberger 1955: p. 1177). N€asman (1988: p. 11)
characterized some of the previously given interpreta-
tions as monocausal and insufficient, suggesting that
multiple factors could have contributed to the changes
during the Migration Period. He viewed the changes in
the archaeological record as a gradual development
rather than a rapid change (N€asman 1988: p. 12). It is
interesting here to note the different connections to
climate changeand resilience in termsof thedifferent soil
types in different areas.

Fimbulwinter or Dust Veil Event

The first attempt to connect changes in the archaeological
record to theAD536/540 eventwasmadebyAxboe (1999,
2001), who explained the increased number of sacrificial
gold deposits dated to theMigration Period as a desperate
effort by humans to bring back the sun. However, the idea
of Fimbulwinter or Dust Veil Event was developed by
Gr€aslund (2007), and later in cooperation with Price
(Gr€aslund & Price 2012; Price & Gr€aslund 2015).
Gr€aslund (2007) argued that the AD 536/540 event was
the inspiration for the Norse myths of Fimbulwinter and
Ragnarok. Together with Price (Gr€aslund & Price 2012;
Price & Gr€aslund 2015), he highlighted the significant
impact of this event on Scandinavian societies, resulting in
crop failures, settlement abandonments anddepopulation.
Price &Gr€aslund (2015) also suggested a link between the
disappearance of the sun symbol from imagery at the end
of 6th century and the AD 536/540 event. This research
inspired other scholars in Scandinavia and the Baltic area
(L€owenborg 2012; Arrhenius 2013; Bondeson & Bondes-
son 2014; Tvauri 2014; Zachrisson 2017; Solheim &
Iversen 2019).

Arrhenius (2013) argued that changes in ritual
practices at Helg€o were linked to the impact of the AD
536/540 event, including the use of bread as burial gifts,
indicating famine and the importance of bread at that
time. She also suggested that the impact of this event
caused the end of bronze casting at the site (Arrhe-

nius 2013). L€owenborg (2012) suggested that the
demographic changes that occurred in Sweden were
caused by the AD 536/540 event, perceiving climate
change as a tool used by the elite to take advantage of the
land abandonments and to create social change.
L€owenborg (2012) and Zachrisson (2017) claimed that
this event played a catalytic role in changes to property
rights. Tvauri (2014) investigated the impact of the event
to societies in Estonia, Finland and Scandinavia,
concluding that this crisis not only caused a severe
famine but also led to societal and cultural changes. He
also pointed out that the climatic impact did not severely
affect thesocieties inFinland,wheresubsistence reliedon
hunting and fishing (Tvauri 2014), thus bringing up the
topic of different modes of resilience in different areas
depending on the prevailing economy.

The Fimbulwinter concept has been a debated issue in
Swedish archaeology (N€asman 2012; Moreland 2018).
N€asman (2012), in his commentary on L€owenborg’s
(2012) work, supported the idea that climate alone is
insufficient to explain the changes in the archaeological
record, characterizing this approach as monocausal and
natural deterministic. Whereas he did not deny that this
climate event could have contributed to demographic
decline, he argued that other factors were also at play
(N€asman 2012). He further contended that changes in
thearchaeological recordstartedas earlyas the3rdto4th
centuries, preceding the AD 536/540 event, and that
some of these changes continued into the 7th to 8th
centuries (N€asman 2012). Svedjemo (2014) also sup-
ported the causes behind the changes being multiple,
including political, economic and social causes. Widg-
ren (2012) sought to understand settlement abandon-
ment by examining previous settlement expansion
and the societal character before the 6th century. He
perceived the crisis not only as a response to the climatic
fluctuations but also as a response to multiple societal
factors, especially considering the diverse responses in
different areas of Sweden (Widgren 2012). Spatial and
temporal variability is a key argument in critiquing the
Fimbulwinter theory (Gundersen 2019). Another argu-
ment against a causal relationship between climate and
socioeconomic changes is the connection between
broadly dated changes in archaeological record with
precisely dated climatic evidence and the fact that a lot of
studiesassumedthis causal linkwithout investigating the
societal vulnerability to climate change (Widgren 2012;
Moreland 2018). Nordvig & Riede (2018) critically
discussed the issue of linking 13th century myths with
archaeological data of the 6th century, concluding that it
is not possible to determine if themyth is based on actual
events or if it is a fictive narrative.

Recent research indicates the necessity for a new
theoretical approach to gain a deeper insight into
human vulnerability and responses to climate change
(Gundersen 2019, 2021). This suggestion stems from the
recognition that the absence of analytical frameworks can
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lead to misunderstandings regarding the relationship
between concurrency and causation (Gundersen 2019,
2021;Gjerpe 2021).Gundersen (2019) emphasizes that the
extent of vulnerability or resilience to climatic changes,
coupled with the capacity for adaptation and the severity
of the event, determines the impact on societies.He further
suggested that rather thanengaging indebates solelyabout
the impact of the climate event, research should delve into
how andwhy Iron Age societieswere affected by this event,
and what led different groups to exhibit varying levels of
vulnerability and resilience to crisis (Gundersen 2019, 2021).
Gundersen (2019, 2021) suggested a multicausal frame-
work in which the environmental impact is recognized
together with long-term societal trajectories as possible
contributors to social, cultural, and economic change.

Possible impact of the AD 536/540 event on
Swedish societies

Agriculture is heavily affected by various environmental
factors such as temperature fluctuations, humidity,
precipitation, solar radiation, and soil conditions. These
elements directly impact crop growth, harvest quality
andquantity,aswellas thespreadofepidemics, indirectly
contributing to the potential emergence of famine
(Xoplaki et al. 2001). Bondeson & Bondesson (2014)
asserted that the climatic fluctuations during the 6th
century in Scandinavia may have facilitated the expan-
sion of fungi, resulting in crop failure, famine, and a
decline in both human and animal populations. Ergot,
caused by the fungus Claviceps purpurea, is parasitic to
cerealsandgrassesand thrivesundercold/wet conditions
(Bondeson & Bondesson 2014). Ergot can result in food
poisoning, affecting humans by causing low fertility,
miscarriage, hallucinations and even death, and domes-
tic animals by resulting in stagnation of their milk and
eventual death (Bondeson & Bondesson 2014). Rye is
highly susceptible to ergot, but barley, wheat, and many
otherplant species canalsobeaffectedby it (Bondeson&
Bondesson2014).An increased importanceof ryeduring
this period has been observed in Estonia and Sweden
(Grabowski 2011; Tvauri 2014). Evidence of ergot has
been discovered in Sorte Muld on Bornholm and at
Vallhagar on Gotland dated to the Migration Period
(Helbaek 1955: p. 693; Bondeson & Bondesson 2014).
Even though there is evidence for the existence of the
fungus in Iron Age Sweden, the proposed connection
with the AD 536/540 event is still not certain (Gunder-
sen 2021: p. 55).

A link between the AD 536/540 event and the Justinian
plague has been suggested by several studies (Stothers
1999; Stathakopoulos 2007; Gr€aslund & Price 2012; Sigl
et al. 2015; B€untgen et al. 2016; Newfield 2016; Helama
et al. 2018;Fell et al. 2020).TheJustinianplague, causedby
the bacteriaYersinia pestis, was transferred to humans via
rodents, and probably had numerous outbreaks from AD
541 to 750 in the area of Mediterranean and beyond

(Wagner et al. 2014; Newfield 2016). The AD 536/540
event may have triggered a subsistence crisis, leading
not only to malnutrition but also to migrations that
facilitated the spread of the plague (Stathakopoulos 2007;
Newfield 2016). While several studies have proposed that
the Justinian plague reached Scandinavia (Gr€aslund 1973;
Seger 1982; Flink 1986; Stathakopoulos 2007; Price &
Gr€aslund 2015; Solheim & Iversen 2019), the only aDNA
evidence confirming the existence of plague in Northern
Europe comes from Germany (Wagner et al. 2014;
Gutsmiedl-Sch€umann et al. 2018). Thus, the assumption
of the Justinian plague’s existence in Scandinavia is
mainly based on evidence of settlement and burial
abandonments during the middle of the first millennium
AD(Gundersen2021:p. 57).Thepossible consequencesof
the AD 536/540 event could have been enhanced by
ergotism and plague. However, further research is needed
to verify the extent and the impact of both ergotism and
plague on Iron Age Sweden (Gundersen 2021: p. 60).

Data on climatic fluctuations and changes in the
archaeological record in Sweden

Palaeoclimate data

The Late Holocene in Northern Europe is characterized
bya trend towards colder andwetter conditions,which in
some cases can be explained by forcing factors such as
solar activity fluctuations andvolcanic eruptions (Snow-
ball et al. 2004; Wanner et al. 2008; Sepp€a et al. 2009;
Wasteg�ard 2022). There is evidence of a transition to
wetter andcolder conditions spanning fromaround1750
to 1250 BC in numerous Swedish records (Snowball
et al. 2004;Bergman2005;Borgmark&Wasteg�ard2008;
deJongetal.2009;Wasteg�ard2022).Aeoliandepositsand
peat records from SWand central Sweden indicate cold,
wet and stormy winters in the years 2250 BC, 1350 BC,
and 850–250 BC (Bj€orck & Clemmensen 2004; de Jong
et al. 2007; Rundgren 2008). This periodwas followed by
warm/dry conditions at around 1050 BC and cold/wet
conditions at around 850 BC (Berglund 2003; de Jong
et al. 2007; Borgmark & Wasteg�ard 2008; Was-
teg�ard 2022). Peat records from central and northern
Sweden indicate wet conditions at 550–150 BC and AD
650 whereas the oxygen isotope data of diatom silica
suggests cold summer temperatures at 50 BC (Rosqvist
etal.2004;Rundgren2008).Raisedhumidityanddeclined
summertemperatureshavebeenrecordedintheScandian
Mountains post-50 BC (Bergman 2005: p. 26).

Morestableanddryclimatic conditionsoccurredupto
aroundAD450. The following periodwas characterized
by an abrupt shift towetter and colder conditions, which
has been recorded in the climate records in Sweden
(Wasteg�ard 2022). Records from peat bog cores and
oxygen stable isotopes of lacustrine carbonates from
south-western and south-central Sweden indicate cold
and stormy winters at AD 250, 450, 500, 600, 850, and
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1550 (Bj€orck & Clemmensen 2004; de Jong et al. 2007;
Borgmark & Wasteg�ard 2008; Andersson et al. 2010).
However, tree-ring and peat stratigraphy data show cold
andwet conditions in AD 200–400 and 750–900, as well
as a dry period at AD 400–600 (Gunnarson et al. 2003;
Linderholm & Gunnarson 2005). Changes in humidity
levels havebeen recordedbyanalyses ofTestate amoebae
and aeolian sediment influx from abog in south-western
Sweden, indicatingwetconditions fromaroundAD450–
720 (de Jonget al. 2007, 2009).Thepeat stratigraphydata
showa shift towardswet conditions inAD650and750 in
southern, central, andnorthern Sweden (Svensson 1988;
Rundgren2008).Oxygen isotopes in lakesediments show
cold air masses during the summer period, which
influenced the summer temperatures in north Sweden
during AD 750 (Rosqvist et al. 2004).

In theNorthernHemisphere, cold climatic conditions
prevailed during the mid-first millennium AD (Was-
teg�ard 2022). Studies have referred to a cold period from
AD 400 to 765 as the Dark Ages Cold Period (Helama
et al. 2017b). This cold period partially overlapswith the
LALIA, spanning from AD 536 to 660 (B€untgen
et al. 2016). Summer temperature reconstructions from
northern Sweden show cool conditions at AD 500–700
and 790–870, with a 2 °C temperature drop in AD 536
(Briffa et al. 1990, 1992; Grudd et al. 2002; Esper
et al. 2012). A recent study byArthur et al. (2024), which
utilized climate simulation and radiocarbon dating from
four regions in Norway and Sweden, shows decreased
temperatures and reduced precipitation following the
AD536/540 event. Specifically,while theoverall regional
temperature dropped by about 1 °C, inland areas
experienced a more significant reduction, ranging from
1 to 1.5 °C, compared with coastal areas, which
experienced a decrease of 0.25–0.5 °C (Arthur
et al. 2024). This could indicate different responses to
the climatic change in coastal and inland areas.

Wasteg�ard (2022) posited that palaeoclimate data
fromSwedenalignmorecloselywith theDarkAgesCold
Periodthan theLALIAowing to thepresenceofcold/wet
conditions both before and after the LALIAperiod.Wet
shifts identified span from AD 250 to 650, revealing a
complex pattern of climatic variability in Sweden
(Wasteg�ard 2022). Consequently, further research is
needed to investigate climatic variability during the first
millennium AD and evaluate the impact of AD 536/540
event on IronAge societies in Sweden (Wasteg�ard 2022),
also taking into account regional differences.

Changes in the archaeological record

Crop and animal husbandry

Permanent fields were established in southern Sweden
during the Late Bronze Age (Grabowski 2011, 2014: p.
13; Widgren & Pedersen 2011). Hulled barley (Hordeum
vulgare var vulgare) was used as a primary crop, whereas

bread/club wheat (Triticum aestivum spp. vulgare/com-
pactum), hulled wheat (Triticum spelta/dicoccum/mono-
coccum), oats (Avena sativa) and rye (Secale cereale)were
used as secondary crops (Grabowski 2011, 2014).
Changes in crop cultivation are then documented during
the Migration Period in southern Sweden (Grabow-
ski 2011; Widgren & Pedersen 2011). From the Roman
Iron Age to the Migration Period, oats and rye
significantly increased, becoming major components of
agriculture during that period in southern Sweden
(Grabowski 2011; Widgren & Pedersen 2011). Hulled
barley remained the primary crop throughout the Iron
Age, whereas naked barley was found in small quantities
during the beginning of the IronAge and then decreased
steadily (Grabowski 2011). Wheat was continuously
cultivated in the Iron Age, whereas the speltoid wheat
decreased during the Migration and Vendel periods
(Grabowski 2011). Grabowski (2011) highlighted that
wheat, bread wheat or speltoid wheat appeared in small
quantities during the Iron Age in southern Scandinavia
and suggested that wheat might have been used as a
luxury product. Consequently, an obvious shift in crop
cultivation regimeoccurred at the onset of theMigration
Period in southern Sweden (Grabowski 2011, 2014).

Changes in crop cultivation could have affected animal
husbandry, as crop cultivation is closely connected to
animal husbandry through activities such as manuring,
ploughing, and grazing (Macheridis 2022: p. 27).
Zooarchaeological studies conducted in southern Sweden
have shed light on changes in animal abundances during
the mid-first millennium AD (Macheridis 2022). Cattle
and sheep dominated during the Iron Age in southern
Sweden. However, cattle bone abundances decreased
significantly in the late 6th century AD, in the transitional
period between the late Migration and Early Vendel
periods (Macheridis 2022). Meanwhile, sheep/goat bone
assemblages increased on Gotland and €Oland during the
latter part of Early Iron Age, and the presence of pig
skeletal remains increased at the end of the Iron Age
(Welinder et al. 1998: p. 369;Macheridis 2022).During the
late 5th to early 6th century AD, a triadic mixed animal
husbandry system, centred around cattle, sheep/goats and
pigs, was established (Macheridis 2022: p. 86). Macher-
idis (2022) suggests that the persistence of cattle-based
husbandry was influenced by sociopolitical turmoil,
possibly linked to the AD 536/540 event, as continuing
with a proven strategy might have offered stability during
crisis. Additionally, she posits that societal reorganization
following the climatic eventmight have prompted changes
in animal husbandry practices, with the transition to
mixed animal husbandry potentially offering greater
sustainabilitythanacattle-basedsystem(Macheridis2022:
p. 86). However, certain sites, like G�ardl€osa in Scania, did
not adopt this triadic shift and maintained a focus on
cattle-based economies (Macheridis 2022: p. 98), provid-
ing evidence of different strategies taken during the
climatic event.
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Besides changes in crop and animal husbandry, an
agricultural decline and subsequent forest regrowth have
been observed during the middle and late 6th century in
Sweden (Price & Gr€aslund 2015). Berglund (2003)
claimed that agriculture, consisting of pasturing and crop
cultivation, stagnated during the Migration Period.
Additionally, woodland expansion has also been recorded
in formerly cultivated areas around AD 200–500 (Ber-
glund 1969: p. 17; Berglund et al. 1991; Gaillard et al.
1994). Pollen diagrams confirm this observation, showing
reduced human impact and grazing pressure aswell as the
abandonment of pastures, particularly on the Baltic
islands and in the eastern part of Sweden (Engelmark &
Wallin 1985; Gaillard et al. 1994; Lager�as et al. 1995;
Widgren & Pedersen 2011; Widgren 2012).

Specifically, pollen data from the Axlarp region in
southern Sweden show a farming stagnation at AD 500,
whereas data from lake Femtingag€olen, located 10 km
away, identified a regression phase later, at around AD
600–700 (Lager�as et al. 1995; Lager�as 1996). Moreover,
pollenrecords fromcentralandsouthernSwedenreveala
decrease in palynological richness correlated with the
agrarian and settlement crisis during AD 500–700
(Engelmark&Wallin 1985; Berglund et al. 2008). Fredh
et al. (2013) studied land-use changes in the uplands of
southernSweden, suggesting thatpalynologicaldiversity
increased from AD 350 to 550 in the studied area,
coinciding with the intensified land use, followed by a
decrease during AD 550–750, indicating land-use
regression and agricultural land abandonment (Fredh
et al. 2013). Multi-proxy studies, incorporating pollen
analysis, bog surface indicators, and aeolian sediment
influx on Store Mosse Bog and Undarsmosse in
south-western Sweden, suggest an agricultural decline
around AD 450 and 500, and from AD 750 to 950 (de
Jong & Lager�as 2011; de Jong 2007: p. 15).

Settlement and demographic decline

The stagnation of cultivation and the abandonment of the
agricultural soils relate to the settlement abandonments
(Price &Gr€aslund 2015). Settlements expanded during the
Roman Iron Age, but many were abandoned in the middle
of the first millennium AD across various regions in
Sweden (Stenberger 1933; Widgren 1983, 2012; Ambro-
siani 1984; Widgren & Pedersen 2011; Gr€aslund & Price
2012). G€othberg (2007: p. 440) pinpointed a sharp decline
in settlements at AD 600–700, whereas other researchers
argued that thedeclinebeganas earlyas the5thcenturyAD
(Svedjemo 2014). This phenomenon was particularly
evident in Gotland, €Oland, €Osterg€otland, V€asterg€otland,
Uppland, and H€alsingland compared with other areas in
Sweden (Widgren 1983, 2012; Engelmark & Wallin 1985;
Welinder et al. 1998: p. 305; Widgren & Pedersen 2011;
L€owenborg 2012; Gr€aslund & Price 2012).

Specifically, estimations suggest a significant reduc-
tion in the number of sites in Uppland, ranging between

60and75%,while thepopulationdecreasedby50%in the
6th century (G€othberg 2007: p. 444; Gr€aslund & Price
2012).Nerman (1963:p. 19) suggesteda50%reduction in
the numberof graves onGotlandduring the latter part of
the Migration Period, around AD 475–550, while
Carlsson (1984) estimated a more modest decline of
10% in settlements. A recent study by Svedjemo (2014)
proposed a decline in settlements and population on
Gotland by 30–50%, which means that around 1000–
1200 farms/settlements were abandoned. In southern
Sweden, it is estimated that settlements and farms
experienced a reduction of 20% (Schmidt Sabo &
S€oderberg 2019: p. 17).

L€owenborg (2012) delved into demographic changes
in V€astmanland using burial ground datasets and
suggested that most sites were abandoned between the
end of the Migration Period and the onset of the Early
Vendel Period. In southern Sweden, distinct declines in
settlement numberswere noted from the late 5th century
until the late 6th century, reaching their lowest point
between AD 550–700 (Schmidt Sabo & S€oderberg 2019:
p. 15). However, in south-western Scania, a decline in
coastal areas was identified earlier, during the 4th
century (S€oderberg et al. 2021: p. 275). In the area of
Lund, a sharp declinewas observed fromAD400 to 700,
whereas this decline was less pronounced in the Malm€o
area (Schmidt Sabo&S€oderberg 2019: p. 17). S€oderberg
et al. (2021) investigated long-term land-use and
settlement changes in a forested ridge of Linder€ods�asen
andon lowlandplains in southernSweden,notinga clear
decline in the upland area during the 6th century,
contrasting with in the plain area. Around AD 700, they
suggested an expansion period in both regions, lasting
until AD 1100 (S€oderberg et al. 2021: p. 269). However,
radiocarbon data from southern Sweden indicate an
expansion into upland areas from AD 200 to 600,
synchronouswith abandonment in central andmarginal
areas around AD 650 (Friman&Lager�as 2022). Friman
& Lager�as (2022) considered this population decline at
AD 650 as abelated impact of theAD536/540 event and
plague.

In some areas of northernFennoscandia andFinland, a
settlement expansion or stability is evident during the 6th
century AD (Tvauri 2014). The decrease in settlements is
less noticeable in western Sweden and in central uppland,
and with evidence even suggesting an expansion of
settlements in northern Sweden (Baudou 1978: p. 20;
Liedgren 1992; Widgren 1997: p. 58, Widgren 2012;
Welinder et al. 1998: p. 306; Widgren & Pedersen 2011).
TheMigration Period has generally been seen as a time of
expansion in most areas of northern Sweden that were
affected by sedentary farming (Baudou 1978; Engel-
mark 1978: p. 46; Ramqvist 1983; Liedgren 1992; Widg-
ren 1997: p. 59). Pollen data from �Angermanland showed
an increase in sedentary farming settlements in the 6th
century (Wallin 1996). Liedgren (1992), in his dissertation
about the development of sedentary agrarian settlement in
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northern H€alsingland, showed that most farms were
established during the Migration Period. By the end of
the Migration Period, around 600–700 farms might have
existed in the area, although they were abandoned during
the Vendel Period (Liedgren 1992: p. 222).

On €Oland, Fallgren (2006) challenged the previous
research suggesting discontinuity in settlement patterns
and land use, proposing instead an unbroken continuity
of settlement development.According toFallgren (2006:
p. 187), only a few villages in northern €Oland might
have been abandoned before the Viking Age, although
the exact chronology remains uncertain. Conversely,
G€othberg (2007: p. 440) proposed that both continuity
and discontinuity could be observed in the settlements in
Uppland, emphasizing that perceptions of continuity or
discontinuity depend on one’s perspective. Therefore,
further research is needed to investigate the increase or
decrease in settlements across different areas of Sweden
during this period.

Discussion

As described above, climate change has been considered
as a driving factor for the observed changes in the
archaeological record in the middle of the first millen-
niumAD in Sweden since as early as the 1950s and 1960s
(Arrhenius 1955; Almgren 1957; K€onigsson 1968). In
recent years, the availability of high-resolution climatic
and environmental reconstructions has significantly
expanded, offering greater insight into the role of climate
change in shaping past human societies (Burke et al.
2021; Gundersen 2021: p. 58). Archaeological research
based on detailed climatic datasets has revitalized the
hypothesis that climate change, particularly the AD
536/540 event, played a significant role in the observed
changes in the archaeological record in IronAge Sweden
(Gr€aslund 2007; Gr€aslund & Price 2012; Price &
Gr€aslund 2015). This approach can provide new insights
into understanding of the societal dynamics (Burke
et al. 2021; Gundersen 2021: p. 76). However, as climate
change has been considered to have had a profound
impact on Iron Age societies, environmental determin-
ism as a disadvantage of such interpretations is once
again discussed in Swedish archaeological research and
generally in archaeological research (N€asman 2012;
Widgren 2012;Moreland 2018). Some researchers argue
that revisiting the question of whether this climatic event
influenced societies during themid-first millenniumAD
feels like a repetition and a resurgence of environmental
determinism in archaeological research in the context of
contemporary concern about the impact of climate
change on our planet (N€asman 2012; Moreland 2018).
Research should not dismiss the relationship between
climate and societal change outright by accusing it of
determinism. Instead, it should seek nuanced approaches
to disentangling these relationships from overly simplis-
tic causal interpretations (Molloy 2022).

Certainly, the research into the impact of climate on
past societies faces persistent challenges (Davis 2020), and
it is true that the criticismagainst these studieswill remain
valid until the research addresses its fundamental hurdles
(Gundersen 2019, 2021). Concerns primarily revolve
around establishing causal links between the climate
and societal changes, which emerge from the issue of
comparing broadly dated archaeological data with a
precisely dated climatic event (N€asman 2012; More-
land 2018). The relationship between climate change and
human responses is not linear and it cannot be assumed, it
mustbe estimatedandproved in the contextof the specific
culture and the timing of the specific events connected to
the climate fluctuations (Rivera-Collazo 2022). Chrono-
logical correlation is essential, providing evidence for
links between environmental and societal interactions.
Increased chronological precision could dispel doubts
about conflating concurrence with causation (Widgren
2012; Contreras 2016; Moreland 2018; Degroot et al.
2022). Enhancing chronological and spatial resolution is
paramount for future studies to investigate long-term
changes and comprehensively understand the impact of
climate change on societies, considering the limitations
of chronological precision and methodologies (Caseldine
& Turney 2010; Contreras 2016; Ion 2019; Gjerpe 2021;
Degroot et al. 2022). Proxies have advantages but also
limitations, e.g. tree-ring records provide high temporal
resolution, whereas marine sediment records provide
longer but lower resolution records (Caseldine &
Turney 2010; Davis 2020; Degroot et al. 2022). Combin-
ingmulti-proxy data canmitigate these limitations (Davis
2020; Molloy 2022). Thus, articulating the relationship
between climate change and societal responses requires
multi-proxydataalongside robust chronological datingof
the observed archaeological changes within the context
of climatic events (Davis 2020; Rivera-Collazo 2022).

Arponen et al. (2019) delved into the contours of the
environmental determinism debate, which intersected with
the ongoing discourse about causality and determinism in
archaeological research (Samuels 2019). They highlighted
that the cruxof thematter lies in researchdesigns centredon
detecting parallel alterations between environmental/cli-
matic and archaeological data (Arponen et al. 2019). In
response, Ion (2019) contended that the issue stemmed from
overly simplistic hypotheses,where complex environmental,
climatic, and archaeological data translated into simple
causal interpretation. A proposed path forward involves a
shift in archaeological research towards anthropological
approaches that investigatewhat creates social vulnerability
or adjustability to the climatichazards (Arponen et al. 2019:
p. 9; Ion 2019). The concepts of resilience, adaptation,
and vulnerability are widely employed in archaeological
research to understand human responses to climate change
(Redman2005;Degrootetal.2022).Gundersen(2021:p.80)
highlighted that the development of analytical frameworks
iswhat ismissing fromunderstanding the impact of theAD
536/540 event on the Scandinavian societies and its
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importancelies intheriskofmisinterpretingtheconcurrence
with causation. Moving beyond the environmental deter-
minism debate requires the development of analytical
frameworks, with vulnerability, resilience, and adaptation
emerging as pivotal tools (Gundersen 2021). Gunder-
sen (2021: p. 85) further discussed agricultural vulnerability
asavitalaspectofunderstandingtheeffectofAD536/540on
Swedish Iron Age societies.

A theoretical framework in archaeological
human-environment interactions is essential, but equally
significant is the archaeological evidence for climatic
impact on human societies and societal vulnerability
(Hussain&Riede 2020).Understanding the link between
climatic and archaeological data demands arguments
grounded in various lines of evidence (Kintigh &
Ingram 2018). While the AD 536/540 event has been
connected with famine, population decline, settlement
abandonments, and epidemics like the Justinian plague
and ergotism in Swedish Iron Age societies (Gr€aslund &
Price 2012; Bondeson & Bondesson 2014; Tvauri 2014),
the evidence linking these consequences to climatic event
remains debatable (Gundersen 2021). Thus, what is still
missing in the Fimbulwinter research is evidence to
confirm or refute possible connections between these
changes and the climate events.

The notion of agricultural vulnerability, supported by
prior research (Tvauri 2014; Gundersen 2019, 2021),
suggests that societies heavily dependent on agricultural
resources were probably affected the most, as this cooling
event could have shortened the growing season and
significantly impacted food production capacity. However,
understanding the full extent of this vulnerability requires
determination of the degree to which Iron Age societies in
Sweden relied on terrestrial-based diets (Gundersen 2021).
Bioarchaeological and biomolecular methods can be
pivotal in testing hypotheses and provide valuable evidence
fromwell-dated skeletal remains, crucial for understanding
dietary changes, shifts in subsistence strategies, alterations
in husbandry practices, occurrences of malnutrition and
diseases, and migration patterns amidst changing environ-
mental conditions (Knudson et al. 2015; Robbins Schug
et al. 2018, 2023). For example, stable isotope analysis can
offer insights into the degree of reliance on terrestrial
resources. Analysing data from various geographic regions
and spanning periods before, during, and after the climatic
event candeepenourunderstandingofhumanresponses to
climate fluctuations across diverse settings (Harrod &
Martin2013:p. 7;RobbinsSchugetal. 2018,2023).Thekey
to understanding the impact of this event lies in
comprehending regional variability. While some studies
have used regional variability as a reason to dispute the
Fimbulwinter theory, further research at the regional level
will provide additional insights, as climatic events can cause
different reactions depending on local preconditions
(Gundersen 2021). Local climatic and regional data during
the first millennium AD are needed to grasp the local

magnitude and impact (Rivera-Collazo 2022; Was-
teg�ard 2022). These investigations require high-resolution
palaeoclimate data, reliable chronology, and preserved
skeletal remains (Harrod & Martin 2013: p. 7; Knudson
et al. 2015; Robbins Schug et al. 2018, 2023). Despite these
prerequisites, bioarchaeological and biomolecular studies
have the potential to provide significant information about
the impact of climate change on the studied societies
(RobbinsSchuget al. 2018, 2023), and testing, in this case, if
the reliance on agricultural resources through isotopes can
be linked to regions that are affected the most.

Conclusions

This reviewpaper presented the researchdevelopment of
the AD 536/540 event and its possible impacts, with a
focus on Swedish Iron Age societies, utilizing published
climatic and archaeological data. The consideration of
climate change as a contributing factor to the observed
changes in the Swedish archaeological record during the
middleof the firstmillenniumADdatesback to the1950s
and 1960s (Arrhenius 1955; Almgren 1957;
K€onigsson 1968). Recent advancements, including the
availabilityof high-resolution climatic data and evidence
confirming the existence of the AD 536/540 event
(Baillie 1994, 2008; Larsen et al. 2008; Churakova
et al. 2014; Sigl et al. 2015; B€untgen et al. 2016; Toohey
et al. 2016; Dull et al. 2019; Helama et al. 2019), have
reignited discussions in archaeological research regard-
ing the impact of this event onSwedish IronAge societies
(Gr€aslund 2007; Gr€aslund & Price 2012;
L€owenborg 2012; Arrhenius 2013; Bondeson&Bondes-
son 2014; Tvauri 2014; Price &Gr€aslund 2015; Zachris-
son 2017; Gundersen 2019, 2021; Solheim &
Iversen 2019). However, some limitations have resulted
in criticism of this hypothesis (N€asman 2012; More-
land 2018). Overcoming these limitations is essential for
future studies, as understanding past human–environ-
ment interactions not only sheds light onhumanpast but
also informs predictions of responses and adaptive
strategies to contemporary and future climate change
(Douglas et al. 2016). Addressing these limitations
requires the development of analytical frameworks,
improvement of chronological correlations between
archaeological and environmental data, the acquisition
of local climatic data from Sweden, the examination of
periods before, during, andafter climatic impact, and the
gathering of additional evidence through bioarchaeolo-
gical and biomolecular analyses, as discussed above.
These are crucial for understanding the impact of AD
536/540 event on Swedish societies.
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