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REVIEW

The Holocene of Sweden – a review
Stefan Wastegård a,b

aDepartment of Physical Geography, Stockholm University, Stockholm, Sweden; bThe Bolin Centre for Climate Research, Stockholm University,
Stockholm, Sweden

ABSTRACT
This paper presents a review on more than hundred years of palaeoenvironmental research in Sweden;
from early descriptions of peat and tufa deposits in the late nineteenth and early twentieth centuries to
multiproxy transfer function studies in the late twentieth and early twenty-first centuries CE. Research on
Holocene climate variability has a long history in Sweden and many ideas and concepts about changes in
temperature and precipitation during the Holocene originated in Fennoscandia. The Holocene climate
evolution in Sweden follows a pattern in common for many northern latitude records with a rapid
warming starting at the Pleistocene–Holocene boundary at c. 11 650 cal a BP, followed by the middle
Holocene thermal maximum between c. 8000 and 5000 cal a BP. A change to colder and wetter
conditions starts c. 4000 cal a BP and lasts until the late 1800 s CE. There is evidence for climatic
anomalies such as the 8.2 and 4.2 ka BP events and the Little Ice Age (LIA) but only inconclusive
evidence for other events, such as the 10.3 ka BP event. The main pattern of Holocene climate and
environmental evolution is well known for most parts of Sweden, but the present review also shows
that several research questions remain to be addressed.
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Introduction

Research on Holocene climate variability goes back more than
hundred years in Sweden, and many of the ideas and concepts
about changes in temperature and precipitation during the
Holocene originated in Fennoscandia (Birks & Seppä 2010).
An early source of palaeoenvironmental information was
tufa deposits, particularly because of their records of well-pre-
served mega and macrofossils (Hulth 1895; Sernander 1915;
Gedda 2006), but today many tufa deposits have been comple-
tely excavated. The early part of the 1900s produced a number
of studies of peat-bogs and lakes that are now considered clas-
sic and influential works (e.g., Sernander 1908; von Post 1924;
Granlund 1932; Lundqvist 1940). The Holocene vegetational
development was first reconstructed by macrofossil analysis
(Andersson 1909) and later on through the newly developed
pollen analysis (von Post 1916). After the Second World
War, studies of tree-rings, speleothems, lake sediments, bogs,
glaciers and other proxy methods have provided more infor-
mation about the Holocene climate evolution in Sweden,
and dating methods such as radiocarbon, tree-rings, lacustrine
varves, optically-stimulated luminescence (OSL) and terres-
trial cosmogenic nuclide (TCN) dating have allowed the cli-
mate fluctuations and events to be dated. During the c. last
20 years, transfer-function-based methods have provided
quantitative climate estimates to many lake and bog records
(e.g., Rosén et al. 2001; Bigler et al. 2002).

The Holocene climate evolution in Sweden follows a pat-
tern in common for many northern latitude records with a
rapid warming starting at the Pleistocene–Holocene bound-
ary at c. 11 650 cal a BP, followed by an early to mid-

Holocene thermal maximum (HTM) between c. 8000 and
5000 cal a BP (e.g., Mayewski et al. 2004; Snowball et al.
2004). A transition to colder and wetter conditions started
at c. 5500 cal a BP and culminated during the Little Ice
Age c. 1300-late 1800s CE, followed by a rapid warming
during the last c. 100–120 years. Short climate events are
superimposed on these general trends, e.g., the 8.2 ka BP
event and the Medieval Warm Period between c. 800 and
1300 CE.

The aim of the paper is to present a broad review of Holo-
cene climate and environmental changes in Sweden, based on
more than 125 years of palaeoenvironmental research includ-
ing some archaeological and historical data. Most studies have
focused on one or two proxy methods in a restricted area, but
this is an attempt to include data from several different
methods and regions in order to present a review of the Holo-
cene evolution of Sweden. For historical reviews of Late Qua-
ternary research in Fennoscandia and Sweden in particular,
the reader is also referred to the works of Lundqvist (1958)
and Birks & Seppä (2010).

The postglacial development of the Baltic Sea still affects
countries surrounding the Baltic Sea basin. Low-lying areas
have gradually been uplifted above the sea surface during the
Holocene, and this development will continue, especially in
the northern part of the basin where the glacioisostatic uplift
is higher than the Global Sea level rise (e.g., Vestøl et al.
2019). The postglacial development of the Baltic Sea will not,
however, be treated in the present study and the reader is
referred to comprehensive reviews by Björck (1995) and
Andrén et al. (2011).
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The sub-division of the Holocene in this paper follows the
formal stratigraphic division by the International Commission
on Stratigraphy (ICS) (Fig. 1; Walker et al. 2019). Accordingly,
the Holocene is divided into three stages, the Early Holocene
(Greenlandian; 11 700–8236 a b2k), the Middle Holocene
(Northgrippian; 8236–4250 a b2k) and the late Holocene
(Meghalayan; 4250 a b2k-present). The literature review is
thus divided into three chapters. Age brackets in Walker
et al. (2019) are reported as relative to a baseline of 2000 CE
(b2k), but in the present paper calendar years BP (cal a relative
to 1950 CE) will be used consistently since the vast majority of
papers have reported ages using this timescale. All radiocarbon
dates from published sources have been calibrated to calendar
years using OxCal v4.4.2. (Bronk Ramsey 2013), applying the
IntCal20 calibration curve (Reimer et al. 2020). Ages > 10
000 years BP are generally given as “kiloyears = ka”, while
ages < 10 000 years are given with their full numbers, with
exceptions for established events such as the 8.2 ka BP event.

Present-day climate and environmental settings

Sweden has a temperate climate, despite its northern latitude
and approximately 15% of the land area of 450 000 km2 is situ-
ated north of the Arctic circle. This means that several climate
zones and forest zones are represented, with a mainly oceanic
climate in the south, humid continental in the central parts
and subarctic climate or tundra in the north. Sweden is
influenced by the Gulf Stream and the North Atlantic Current
and the predominantly westerly winds. The climate is in gen-
eral mild for its latitude but vary from the south to the north
due to the vast latitudinal difference. Forests in southern Swe-
den belong to the nemoral or boreo-nemoral zones, and
middle and north Sweden are part of the boreal forests, also
known as the northern taiga. The Scandinavian Mountains
or the Scandes run through the Scandinavian Peninsula, and
the highest peak in Sweden is Kebnekaise at c. 2100 m a.s.l.
Mountain glaciers occur from the county of Jämtland in the
south to the Torneträsk area in the north, but a majority
have retreated from their maximum Holocene positions. The
present tree-line ranges from c. 1150 to 1200 m a.s.l. in north-
ern Dalarna to 550–600 m a.s.l. in northernmost Sweden
(Andersson et al. 1983; Kullman 2004). Tundra with perma-
frost peatlands are found north of c. 67°N (Sannel et al. 2018).

The Early Holocene

Southern Sweden, south of the Younger Dryas end-moraine
zone, was deglaciated between c. 17 and 12 ka BP (e.g., Berg-
lund 1979; Lundqvist & Wohlfarth 2000; Stroeven et al.
2016), but the climate and environmental changes during
this dynamic period are outside the scope in this study.

The Younger Dryas in Sweden ended shortly after the final
drainage of the Baltic Ice Lake at Mt. Billingen (Fig. 2) to the
sea-level c. 11.7 ka BP, and was followed by a rapid retreat
of the Fennoscandian Ice Sheet (FIS) and a distinct increase
in sedimentation rate and varve thickness of glacial clays

during the Early Holocene (e.g., Andrén et al. 2011). A com-
mon view is that the general warming at the Younger Dryas-
Holocene boundary spread synchronously over the North
Atlantic region (e.g., Björck et al. 1996; Gulliksen et al.
1998). This view has, however, recently been challenged by
e.g., Wohlfarth et al. (2017) suggesting more complex spatial
and temporal environmental and hydrological changes in
northern Europe across this transition.

The timing of the Holocene warming and whether it was
time-transgressive or not has been discussed extensively
recently (e.g., Pearce et al. 2013; Wohlfarth et al. 2017). Some
of the best and most complete records of the early Holocene
warming in Sweden have been inferred from beetle records
from southern Sweden, showing a mean summer temperature
increase from c. 10° to 14–16° C within a few decades and a
rapid replacement of Arctic-Subarctic species by Boreal species
(Lemdahl 1991; Hammarlund & Lemdahl 1994). It has been
suggested that the warming occurred at the Younger Dryas-
Early Holocene boundary but with some chronological uncer-
tainties. The Toppeladugård site, S Sweden (Fig. 2) investigated
by Lemdahl (1991), is, however, relatively poorly dated (Table
1). A chronologically better constrained site, Hässeldala port,
SE Sweden (Fig. 2; Wohlfarth et al. 2017) shows a similar
response to the warming but with an offset of several hundred
years to the end of the GS-11 (approximately equivalent to the
Younger Dryas) on Greenland (Table 1). The warming occurs
at ca. 11.9 ka BP at Hässeldala port, c. 200 years earlier than the
transition into the Holocene on Greenland (Walker et al. 2019).
At this site, chironomid-inferred summer temperatures rose
from 10° to >12°C at c. 11.9 ka BP. A similar chironomid-
based summer temperature reconstruction from Atteköps-
mosse in SW Sweden (Fig. 2) shows an increase in summer
temperatures from 10 to 14° C at 11.6–11.5 ka BP (Wohlfarth
et al. 2018). It is uncertain, however, if the different timings
of the response of the early Holocene warming are real or
due to chronological inaccuracies. The Hässeldalen tephra,
c. 11.4 ka BP (Davies et al. 2003) could provide an independent
tool to assess the response to the early Holocene warming; i.e.,
whether the climate warming was synchronous or time-trans-
gressive across southern Scandinavia. This tephra has been
reported from both sites, but minor offsets in geochemistry
between published records of the Hässeldalen tephra at the
type site Hässeldala port and the tephra at Atteköpsmosse
cast some doubts over the tephra identification at the latter
site. However, a recent study focusing on climate indicator
species (Iversen 1954) shows that July temperatures were sur-
prisingly high in southern Sweden and Denmark with c. 16°
during the pre-Bølling, Allerød, Younger Dryas and Preboreal
(Schenk et al. 2020), several degrees warmer than previous bee-
tle-based temperature estimates (Table 1; e.g., Lemdahl 1991;
Hammarlund & Lemdahl 1994). The onset of the Holocene
was marked by an abrupt decrease in cold-adapted plants
rather than an increase in “warm” species. Further to the
East, there is evidence for a delayed onset of the early Holocene
warming in NW Russia and the eastern Baltic region compared
with southern Swedish records (Subetto et al. 2002).

1GS-1 (Greeland Stadial-1) refers to the most recent cold event in the Greenland ice-cores, broadly equivalent to the Younger Dryas stadial- It was originally suggested
by the INTIMATE group for the isotopically-defined equivalent of the Younger Dryas cold event in the Greenland ice-cores (Björck et al., 1998; Walker et al., 1999).
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The early Preboreal warming also affected the melting of the
FIS, with a general increase in ice margin retreat from 50 to
75 m a−1 in the Late Younger Dryas to c. 100–200 m/year in

the Early Holocene (Table 1; Strömberg 1994; Stroeven et al.
2016). A marked change in clay varve thickness, silt content
in the summer layers and a colour change have all been inter-
preted as a response to the increased melting and rapid retreat
of the ice sheet following the final drainage of the Baltic Ice Lake
(Strömberg 1994; Brunnberg 1995; Andrén et al. 1999, 2002).

The deglaciation of the Baltic Sea, following the drainage of
the Baltic Ice Lake, occurred during the Yoldia Sea (11.7–10.7
ka BP) and Ancylus Lake (10.7–9.8 ka BP) phases (Björck
1995), with build-up of large subaqueous eskers as the ice
sheet retreated towards north (e.g., Lundqvist 1986). Due to
isostatic uplift and changing outlets, many areas experienced
a transition from sub-aquatic to supra-aquatic deglaciation
patterns between c. 11 and 10 ka BP, with the formation of del-
tas built up to the Highest coastline in Central Sweden (e.g.,
Lundqvist 2003; Bernhardson & Alexanderson 2017). Dune
fields developed on many of these deltas following the degla-
ciation between c. 10 500 cal a BP until c. 9000 cal a BP
when the dunes were stabilised by vegetation and soil for-
mation (e.g., Bernhardson & Alexanderson 2017). The location
of the last ice remnant of the FIS has historically been placed
either east of the water divide (e.g., Högbom 1892; Frödin
1921) or in the high mountains of e.g., Kebnekaise, Sarek
and Sulitelma (e.g., Hoppe 1959; Lundqvist 1986). In their
reconstruction of the deglaciation of the FIS, Stroeven et al.
(2016) placed the last remnant of the FIS in the eastern
Sarek mountains at c. 9700 cal a BP, but an alternative

Figure 1. Different subdivisions of the Holocene Epoch. A. July insolation at 60°N. B. The Blytt–Sernander scheme for postglacial climatic changes and the Younger
Dryas as defined by Mangerud et al. (1974). Boundaries originally defined in radiocarbon years have been calibrated to calendar years BP. C. Archaeological periods in
south Sweden (Price 2015). The Stone Age is divided in three parts, the Palaeolithic (c. 12 000–9500 BCE), the Mesolithic (c. 9500–4000 BCE) and the Neolithic (c. 4000–
1700 BCE); the Bronze Age (1700-1500 BCE); the Iron Age (500 BCE-1050 CE), including the Viking Age (c 800–1066 CE). The last c. 1000 years can be divided into the
Medieval period (c. 1066–1500 CE), the Post-Medieval period (c. 1500-c. 1800 CE) and the industrial/modern time (c. 1800 CE-present). D. Cold events during the
Holocene (see text for explanation). E. Warm events during the Holocene (see text for explanation). F. The Holocene stages defined by ICS (Walker et al. 2018).

Figure 2. (Colour online) Sites in southern Sweden with evidence for the early
Holocene warming and/or the PBO/11.4 ka BP event. Light blue = ice margin
at c. 11.7 ka BP; light grey = areas above the Baltic Ice Lake and the sea-level
at c. 11.7 ka BP.
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model was proposed by Regnéll et al. (2019) who argued that
the last ice remnants of the FIS melted away east of the Scandes
mountains after 10.3–9.9 ka BP, more in line with the early
investigations in the late 1800 s and early 1900 s.

The early Holocene warming was interrupted by several
short cold climatic events (Fig. 1), mainly due to weakenings
of the North-Atlantic thermohaline circulation resulting
from meltwater outbursts from the melting Laurentide ice
sheet and/or solar events (Björck et al. 2001; Fisher et al.
2002; Teller et al. 2002; Rasmussen et al. 2007). These events
are usually referred to as the Preboreal Oscillation (or the
11.4 ka BP event), the 10.3 ka BP event, the 9.3 ka BP event
and the most prominent and possibly global 8.2 ka BP event
(Alley et al. 1997). All these events are recognised in the Green-
land ice-core records except for the 10.3 ka BP event (Rasmus-
sen et al. 2007). The 10.3 ka BP event has potentially been
linked to the drainage of the lake Agassiz McCauleyville
stage that may have triggered a cooling episode across much
of the Northern Hemisphere with local glacial readvances in
Norway, known as the Erdalen events (e.g., Dahl et al. 2002),
an IRD event in the North Atlantic (Bond et al. 1997) and ter-
restrial records on the Faroe Islands and Orkney, Scotland
showing a cooling at this time (Björck et al. 2001; Timms
et al. 2021). The Erdalen event and other Early Holocene gla-
cial fluctuations have been described from Norway as morpho-
logical end-moraine ridges (e.g., Andersen 1980; Shakesby

et al. 2020), but evidence from Sweden is mostly based on
litho- and biostratigraphy in lake sediment records. It is gener-
ally assumed that all remnants of the FIS were melted before
c. 9700 cal a BP and did not survive the early Holocene warm-
ing (Stroeven et al. 2016; Regnéll et al. 2019). Recent results,
however, show that some glaciers in northern Norway may
have survived the early Holocene and even the HTM (Bakke
et al. 2010). Reactivation of these glaciers in Norway during
the Erdalen and Finse events (10.3–10.0 and 8.5–8.0 ka BP;
Nesje 2009) can be correlated with the 10.3 ka BP and 8.2 ka
BP events, but no conclusive evidence exists in the Swedish
part of the Scandes mountains for glacier advances before ca.
6000 cal a BP or a survival of glaciers during the HTM (Ros-
qvist et al. 2004; Nesje 2009).

There is only weak evidence for a standstill or oscillation of
the ice margin in Sweden during the Preboreal oscillation, in
comparison with Norway where a c. 200-year topographically
controlled ice-margin standstill has been observed in many
places (e.g., Andersen 1980). The continuation in south-wes-
tern Sweden of the Norwegian Aker moraines (Sørensen
1979; Lundqvist 1988; Wastegård 1998), however, indicates
that one or more climatic oscillations may have affected the
retreat of the ice-margin in the early Preboreal at c. 11.5–
11.1 ka BP (Table 2). However, it is uncertain if the moraines
are climatically or topographically caused, and there are no
absolute dates for the moraines, although dates of marine fos-
sils provide minimum ages (Fredén 1988; Wastegård 1998).
The ingression of marine water into the Baltic Basin during
the Yoldia Sea phase coincides with the Preboreal Oscillation
(Schoning 2001; Björck et al. 2002), and it has been hypoth-
esised that a temporary slowdown of the ice margin retreat
and a decreased input of meltwater may have facilitated an
increased inflow of saline waters into the Baltic Basin (Björck
et al. 1996; Andrén et al. 2002).

Some lake records from southern Sweden show that at least
one, and possibly two, short cold events followed soon after the
early Holocene warming (Table 2; Göransson 1977; Björck
et al. 1996; Björck & Wastegård 1999). These oscillations
were defined by small decreases in organic carbon content
and a return of herb pollen species such as Artemisia and Che-
nopodiaceae. The Lake Madtjärn record in south-west Sweden
(Fig. 2) also shows an increase in herb and shrub pollen corre-
lated with the Preboreal Oscillation (Björck et al. 1996). Here it
correlates with a short-lived period of lower CO2 constructed
from stomatal index data, dated to 11.35–11.2 ka BP (Rund-
gren & Björck 2003).

The Early Holocene and especially the Preboreal was also a
period characterised by a dry continental climate, especially in
southern Sweden, where past lake-level fluctuations show a
distinct low at c. 11.1–10.2 ka BP (Digerfeldt 1988). Tufa for-
mation also reflects low groundwater levels, and the most
favourable conditions occurred between c. 11.5 and 8.8 ka
BP in southern Sweden (Gedda 2006). There is, however, little
or no evidence for the 10.3 ka BP and 9.3 ka BP events in Swe-
den. A possible climatic perturbation was described from Lake
Stentjärn in Jämtland at c. 10.3 ka BP (Fig. 3; Bergman 2005),
but chronological uncertainties and the proglacial setting of
the site makes this uncertain. Investigations of dune fields in
south-central Sweden indicate a generally unstable Early

Table 1. Examples of studies reporting evidence for the early Holocene warming
in Sweden (from south to north). *age based on correlation with the regional
pollen stratigraphy and/or an assumption of a synchronous Younger Dryas-
Preboreal transition; **10 740 + 100/−250 clay-varve years BP (Västergötland).
An error of c. 875 years have been identified in the Swedish varve chronology
(e.g., Andrén et al. 1999) which means that the calendar year age for the
warming is around 11.5 ka.

Site/area
Coordinates
(Lat.Long)

Age ka
(ca) Proxy/Method Ref.

Toppeladugård,
Skåne

N55.60°;
E13.37°

11.5* Beetles (1)

Torreberga, Skåne N55.62°;
E13.24°

11.5* Stable isotopes (2)

Körslättamossen,
Skåne

N56.09°;
E13.06°

11.5* Beetles;
Macrofossils;
Isotopes

(3)

Hässeldala port,
Blekinge

N56.27°;
E15.03°

11.9 Chironomids (4)

Atteköpsmosse,
Skåne

N56.38°;
E12.85°

11.6–11.5 Chironomids (5)

Västergötland, E of
Mt. Billingen

N58.4–58.5°;
E13.5–14.3°

10.74** Varves (6)

NW Baltic Proper N58.5–59.2°;
E17.8–19.4°

10.65** Varves (7)

L. Madtjärn, Dalsland N58.60°;
E12.17°

11.5 Pollen; Lithology (8)

(1) Lemdahl (1991); mean summer temperature increase from c. 10° to 14–16°C.
(2) Hammarlund et al. (1999); mean annual air temperature rise of >5°C.
(3) Hammarlund & Lemdahl (1994); strong and rapid amelioration reflected by
vegetation and insects.

(4) Wohlfarth et al. (2017); mean July temperature rise from c. 9° to c. 12°C; rise in
δDaq.

(5) Wohlfarth et al. (2018); rapid increase in July lake water temperatures from 10
to 14°C.

(6) Strömberg (1994); increased ice front retreat from c. 50–75 m/a to 100–
200 m/a.

(7) Andrén et al. (1999; 2002); increased varve thickness, change in colour from
brown to grey varved clay, pollen stratigraphy.

(8) Björck et al. (1996); strong warming at the end of the 10.0–9.9 ka radiocarbon
plateaux reflected by pollen and a lithological change.
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Holocene climate until c. 9.5 ka BP when groundwater levels
rose and the dunes stabilised due to a denser vegetation
cover (Bernhardson et al. 2019).

Palaeobotanical investigations from the Scandinavian
mountains show that the Early Holocene was warm with
summer temperatures at least 1–1.3°C higher than today at
c. 9500–8000 cal a BP (Kullman 2002; Paus & Haugland
2017) and about 2°C higher until c. 7500 cal a BP in North-
ern Finland (Väliranta et al. 2015). This is in agreement with
a gradually decreasing summer insolation after 11 ka cal BP
(Fig. 1; Miller et al. 2010). Pollen-inferred annual mean

temperatures in central and southern Sweden show a slightly
different pattern with gradually increasing temperatures
interrupted by the cold event at c. 8300–7900 cal a BP

Table 2. Examples of studies reporting evidence for the Preboreal Oscillation/11.4 ka BP event in Sweden (from south to north). *An error of c. 875 years have been
identified in the Swedish varve chronology (Andrén et al. 1999) which means that the calendar year age for the PBO is around 11 315–11 195 cal a BP; **age based on
interpolation between the Younger Dryas- Preboreal boundary and the radiocarbon age of the rational limit of Corylus; ***age based on correlation with moraines in SE
Norway (Sørensen 1979).

Site/area Coordinates (Lat.Long) Age ka (ca) Proxy/Methods Ref.

L. Striern, Östergötland N58.09°; E15.78° not given Pollen, LOI (1)
Fågelmossen, Östergötland N58.13°; E15.59° 11.4–11.2** Pollen (2)
NW Baltic Proper N58.5-59.2°; E17.8-19.4° 10.44–10.32* Pollen (3)
L. Madtjärn, Dalsland N58.60°; E12.17° 11.35–11.2 Pollen, Stomatal indeces (4)
SW Värmland (Aker moraines) N59.2-59.8°; E12.0-13.0° 11.5–11.1*** Moraines (5)
SW Värmland N59.4-59.6°; E11.8-12.0° 11.7–11.2 Marine biostratigraphy (6)

(1) Göransson (1977); climate deterioration inferred from pollen and LOI (loss-on-ignition).
(2) Björck & Wastegård (1999); double peak in Artemisia, Chenopodiaceae and Oxyria type pollen, LOI fluctuations.
(3) Andrén et al. (1999); rise in Artemisia and Chenopodiaceae.
(4) Björck et al. (1996); Rundgren & Björck (2003); decrease in tree pollen and pollen abundance concordant with increases in herb and shrub pollen; lowering of CO2

values.
(5) Lundqvist (1988); moraines correlated with the Norwegian Aker moraines.
(6) Wastegård (1998); slowdown of ice retreat inferred from marine stratigraphy.

Figure 3. Sites in central and north Sweden mentioned in the text. Light grey =
areas above the Baltic Sea at c. 7500 cal a BP (during the early Littorina Sea
phase). The approximate position of provinces (Swe: landskap) in bold italics.

Table 3. Examples of studies reporting evidence for cooling (or coolings) around
the 8.2 ka BP event in Sweden (L. = Lake) (from south to north).

Site/area
Coordinates
(Lat.Long)

Age a
BP (ca) Proxy/Methods Ref.

L. Igelsjön,
Västergötland

N58.55°; E13.67° 8300–
7900

Stable isotopes (1)

L. Trehörningen,
Bohuslän

N58.56°; E11.61° 8200–
8000

Pollen-inferred
temperature

(2)

L. Flarken,
Västergötland

N58.56°; E13.67° 8300–
8100

Pollen-inferred
temperature

(1)

L. Gilltjärnen,
Västmanland

N60.08°; E15.79° 8600–
8300

Chironomid-
inferred
temperature

(3)

8000–
7800

Pollen-inferred
temperature

L. Kälksjön,
Värmland

N60.15°; E13.06° 8066–
7920

Mineral magnetics;
XRF

(4)

L. Stentjärn,
Jämtland

N63.10°; E12.24° 8500–
8000

Macrofossils,
magnetic
susceptibility

(5)

L. Frängsjön,
Västerbotten

N64.02°; E19.74° 7950–
7650

Pollen influx (6)

L. Sarsjön,
Västerbotten

N64.04°; E19.60° 7950–
7650

Pollen influx (6)

Korallgrottan,
Jämtland

N64.89°; E14.15° 8500–
8000

Speleothem (7)

Labyrintgrottan,
Lappland

N66.06°; E14.67° 8500–
8000

Speleothem (7)

Tree-lines, Scandes
Mountains

8400–
8000

Altitudinal tree-
lines

(8)

L. Sjuodjijaure,
Lappland

N67.37°; E18.07° 8500–
7300

Bioproxies and LOI (9)

(1) Seppä et al. (2005); pollen-inferred sudden cooling of 1.5°C followed by a rapid
warming of 2–3°C (L. Flarken); pronounced decrease in δ18O (L. Igelsjön).

(2) Antonsson & Seppä (2007); cooling of around 1°C followed by a warming of ca
2°C.

(3) Antonsson et al. (2006); chironomid-inferred cooling of ca 1.5°C at 8600–8300
cal a BP followed by a pollen-inferred cooling at 8000–7800 cal a BP.

(4) Snowball et al. (2010); enhanced catchment erosion, caused by increased win-
ter precipitation (8066 ± 25–7920 ± 25 cal a BP).

(5) Bergman et al. (2005); lowered concentrations of Betula pubescens and disap-
pearance of Pinus sylvestris; elevated susceptibility values and a decrease in
total carbon.

(6) Snowball et al. (2002); significant low total pollen influx in ca 300 varves.
(7) Sundqvist et al. (2007); two or three abrupt cold events rather than one “8.2 ka
event”.

(8) Öberg & Kullman (2012); altitudinal tree-line decrease of ca 150 m.
(9) Rosén et al. (2001); cold periods at 8500, 8200 and 7600 cal a BP and a warm
period at 7700 cal a BP, inferred from pollen, diatoms, chironomids and LOI.
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(Antonsson 2006). Studies from the Scandinavian mountains
suggest that the pine-tree limit was 100–300 m above the
present pine tree-limit between 9500 and 8050 cal a BP (Kar-
lén & Kuylenstierna 1996). Öberg & Kullman (2012) showed
that the birch treeline was nearly 600 m above the present
treeline at c. 9500–8500 cal a BP.

The 8.2 ka BP event was first recognised as the Misox oscil-
lation by the Swiss botanist Zoller (1960) and is now con-
sidered “a near-global episode that is reflected in a wide
range of proxy records” (Walker et al. 2019). The 8.2 ka BP
event now defines the transition from the Early to the Middle
Holocene or the Greenlandian to Northgrippian stages with a
GSSP (Global Boundary Stratotype Section and Point) in the
Greenland NGRIP1 ice core at 8236 y b2k or 8186 cal a BP
(Walker et al. 2019).

The most convincing evidence in Sweden for cooling in
connection with the 8.2 ka BP event comes from pollen
records (Table 3). The dates vary, however, and it is difficult
to determine if this is due to chronological problems or that
the event was asynchronous and/or time-transgressive in
Sweden. Several pollen-inferred temperature records from
southern and central Sweden show a clear response to a cool-
ing centred at c. 8200 cal a BP (8300–7900 cal a BP), with a
cooling of around 1–1.5°C followed by a warming of c. 2–3°C
(Seppä et al. 2005; Antonsson & Seppä 2007). A close inspec-
tion of the sites investigated by Antonsson & Seppä (2007)
reveals that the timing of the cooling may differ by several
hundred years, which may be explained by small discrepan-
cies in the age-depth models (e.g., Antonsson et al. 2006).
There are also inconsistent temperature reconstructions
from pollen and chironomids (Antonsson et al. 2006) which
further complicates the interpretation of the event. A cooling
has also been noted in northern Sweden but at 7950–7650 cal
a BP as an increase in winter-snow accumulation and a
decrease in total pollen influx (Snowball et al. 2002). This
record, along with another varve-dated lake sediment record
from southern Sweden (Snowball et al. 2010), show that the
response to the 8.2 ka BP event may have been delayed in
Sweden compared with Greenland (Rasmussen et al. 2006).
In addition, the pollen-inferred cooling at Lake Gilltjärnen,
south-central Sweden (Fig. 2) has a similar age compared
with the sites dated by varve chronology (Antonsson et al.
2008). It is possible that the response to the 8.2 ka BP
event was asynchronous in Sweden, but a difference of several
hundred years is difficult to explain and can be due to
chronological issues in one or more of the records. On the
other hand, a climate deterioration was found in lake records
in Jämtland at 8500 cal a BP, well before the 8.2 ka BP event
(Bergman et al. 2005). These records, along with varve-dated
sites studied by Snowball et al. (2002; 2010) are more consist-
ent with the hypothesis of a broad climate anomaly at 8600–
8000 cal a BP, encompassing the distinct cold event at 8200
cal a BP, as proposed by Rohling & Pälike (2005). A stalag-
mite record from Jämtland (Sundqvist et al. 2007) also
shows a more complex response to the cooling around 8.2
ka BP, with two or three cold events rather than one single
“8.2 ka BP event”. A similar result, with two or three colder
episodes around 8000 cal a BP has also been reported from
a varved lake in Finland (Ojala et al. 2008).

The Lake Igelsjön lake sediment sequence from south-cen-
tral Sweden (Fig. 3) shows a response to the 8.2 ka BP event in
the stable oxygen record, which is correlated to a pronounced
cooling of c. 1.5°C as inferred from pollen-stratigraphy in the
nearby Lake Flarken (Seppä et al. 2005). The Lake Igelsjön
record indicates a general increase in effective humidity
between ca. 8300 and 7900 cal a BP as a response to the 8.2
ka BP event (Seppä et al. 2005).

There is some support for the 8.2 ka BP event in the Scandes
mountains. Karlén (1988) and Karlén & Kuylenstierna (1996)
suggested that a glacier advance may have occurred at 8500–
7900 cal a BP, but later investigations found no convincing evi-
dence for glacier advances before ca. 5000 cal a BP (Snowball &
Sandgren 1996; Rosqvist et al. 2004). Tree-line studies, on the
other hand, point to an elevational decrease of c. 150 m at
8400–8000 cal a BP (Öberg & Kullman 2012).

The Middle Holocene

The Middle Holocene stage is characterised by a generally
warm and dry climate that has been referred to as the HTM
(c. 8000–5000 cal a BP) or the Holocene Climate Optimum.
It should be noted, however, that the duration of the HTM
does not exactly correspond to the Middle Holocene stage,
as defined by the GSSPs to 8236–4250 a b2k (Walker et al.
2019). The timing and duration of the HTM, however, was
not consistent throughout the Northern Hemisphere, for
example, Alaska and northwest Canada experienced the
HTM between c. 11 and 9 ka BP, about 4000 year prior to
the HTM in northeast Canada and Scandinavia (e.g., Kaufman
et al. 2004).

The onset and duration of the HTM has been discussed in
Scandinavia since the early 1900s CE, but in general tempera-
ture reconstructions in Fennoscandia place it between c. 8000
and 5000 cal a BP, with maximum temperatures c. 7500–6000
years ago (e.g., Seppä et al. 2005). Some records show a longer
duration, between c. 9000 and 4000 cal a BP, interrupted by the
8.2 ka BP event. Temperature reconstructions based on bio-
proxies (diatoms, pollen, macrofossils) all point to summer
temperatures 1.5–3°C higher than the early 1900s CE. Several
records show a more or less abrupt cooling between 6000 and
5500 cal a BP (e.g., Snowball et al. 2004), coinciding with a
change to wetter bog conditions in southern Sweden (Mallon
2012; Kylander et al. 2013).

Studies related to the HTM have a long history in Sweden,
and pioneering studies were conducted by Gunnar Andersson
and others in the early 1900 s CE. The dating and the nature of
the HTM were the subject of an acrimonious debate between
Gunnar Andersson and Rutger Sernander in the early decades
of the 1900 s. Andersson, on one side, was stressing a warm
period in the early to middle Holocene, followed by a gradual
cooling, while Sernander was in favour of shifts between wet
and dry phases, in line with the Blytt–Sernander climatostrati-
graphic scheme of Holocene climate variation (Fig. 1). A com-
prehensive review of the debate can be found in Birks & Seppä
(2010).

Gunnar Andersson can be considered as the first quantitat-
ive palaeoecologist in the Nordic countries and one of the first
to use bioproxy analysis. His main focus was on taxa that
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indicated warmer climates in the past, and in particular fossil
nuts of Corylus avellana as an indicator species for the HTM
(Andersson 1909; see also Birks & Seppä 2010). Later on,
von Post (1924, 1930) in Sweden and Iversen (1944) in Den-
mark presented conclusive evidence for the HTM based on
other warm indicator taxa, such as Claudium mariscus,
Trapa natans and Ilex aquifolium. The duration of the HTM
was still an issue, however, and von Post first supported Ser-
nander’s idea that the HTM lasted until the Subboreal-Suba-
tlantic transition in the Blytt–Sernander scheme at c. 2500
cal a BP (Fig. 1). Later on, however, he changed his opinion
(von Post 1924; Birks & Seppä 2010) and concluded that the
peak of the HTM took place earlier and was followed by a cool-
ing trend, in agreement with Andersson’s interpretation 15
years earlier.

Pollen and macrofossil analysis are classic methods in Swe-
den for reconstructing climate and environmental change
during the Holocene, often in conjuction with peat-stratigra-
phical studies. The general pattern with a warm and dry
HTM, followed by a cooling trend towards the present has
been confirmed by many different methods and proxies
since the pioneering studies by Gunnar Andersson, Lennart
von Post, Erik Granlund and others.

Pollen-based temperature reconstructions from southern
and middle Sweden point to the highest Holocene tempera-
tures during the HTM, peaking at c. 7500–6000 cal a BP
(Table 4). At this time mixed oak forests (Quercetum mixtum)
dominated in southern and middle Sweden (e.g., von Post
1924; Bergström 1959). The presence of the pond turtle
(Emys orbicularis) in southern Sweden also coincides approxi-
mately with the HTM (Sommer et al. 2009). Proxy-data from
Northern Sweden suggest that the peak summer temperature
was reached at c. 7100 cal a BP (Rosén et al. 2001) followed
by a decreasing trend inferred from diatoms and pollen-
based temperature reconstructions (from 6200 cal a BP).
Other proxy records from the Scandes Mountains show similar
patterns although with slightly different timing between the
different proxies (Bigler et al. 2002). Palaeobotanical evidence
indicates optimal conditions for pine growth between 6300
and 4500 cal a BP (Barnekow 2000). A recent record from
L. Flocktjärn in NE Sweden (Fig. 4) shows a chironomid-
inferred HTM between 7700 and 5260 cal a BP (Engels
2021), and it was noted that there is a general lack of palaeoe-
cological records from that part of Sweden.

Cave deposits
Cave dripstones are relatively rare in Sweden, and there are
only a few available records of stable isotopes from stalagmites
(Sundqvist et al. 2007). Warmer conditions than today are
inferred between 7800 and 5900 cal a BP by two stalagmites
from Korallgrottan in northern Jämtland (Fig. 3), but the
records end at 5900 cal a BP so the exact duration of the
HTM cannot be deduced from Swedish speleothem records.

Dendroclimatology
Tree rings have a potential to provide information about temp-
erature as well as hydroclimate variation (e.g., Linderholm
et al. 2018). The longest continuous dendrochronology from
Sweden is the Torneträsk pine chronology which extends

back 7400 years (Fig. 4; Grudd et al. 2002). Long-term trends,
however, are usually not well preserved in tree-ring records.
The Torneträsk chronology is no exception, and the HTM fol-
lowed by a cooling trend is not well expressed in the tree-ring
data.

Evidence for summer temperatures higher than today can
be found in studies of tree-limit changes in the Scandinavian
mountains. An altitudinal expansion of Alnus sp. coincides
with peaks in Alnus pollen and macrofossils in lake sediments
from Jämtland around 7500–7000 cal a BP, which probably
reflects mild winters and summers (Bergman 2005). Shortly
after ca. 6000 cal a BP, Alnus disappears in the area, possibly
as a result of a long-term decline in summer insolation (Berg-
man 2005). In the Torneträsk area, northern Sweden, maxi-
mum altitudes of forest limits were reached between c. 6300
and 4500 cal a BP, implying a temperature 1.5–2.0° warmer
than today (Barnekow 2000). High pine-tree limits were also
recorded at 7900–5100 cal a BP (Karlén & Kuylenstierna
1996) and until c. 4800 cal a BP by Kullman (2013).

Glaciers
Swedish mountain glaciers have been less studied compared
with their Norwegian counterparts, where most mountain
areas show small or absent glaciers between 9500 and 5000
cal a BP (Nesje 2009). The Norwegian glaciers generally
reached their minimum extent between 6600 and 6000 cal a
BP. Snowball & Sandgren (1996) and Rosqvist et al. (2004)
found no conclusive evidence for glacier growth before
c. 3600 cal a BP and 5000 cal a BP, respectively. Periods with
soil formation between 7800–7500 and 6300–4080 cal a BP
in the Kebnekaise mountains also suggest that glaciers were
generally absent in Sweden during the HTM (Hormes et al.
2004). However, glacier advances in Sweden during the Early
and Middle Holocene have been proposed by Karlén (1988)
and Karlén & Kuylenstierna (1996), for example at 7400–
7200 and 6300–6100 cal a BP, based on indirect evidence
from dendroclimatology, lichenometry and lake sediments.

Glaciers started to grow again during the mid-Holocene
cooling c. 6000–5000 cal a BP, as a response to a wetter and
colder climate and have since been continuously present in
the Scandes Mountains. Swedish glaciers respond primarily
to changes in summer temperature (Holmlund et al. 1996)
in contrast to glaciers in western Norway that are more
influenced by changes in the winter precipitation (Nesje
et al. 2001). Glacier growth is also affected by postglacial
land uplift, which is believed to have been around 150 m in
the mountains of northern Sweden since the early Holocene
deglaciation (Karlén & Kuylenstierna 1996). This is an impor-
tant contribution to neoglaciation and the suppression of tree-
lines since c. 6000 cal a BP.

Lake sediment and lake level changes
Sweden has a rich variety of lakes and a long history of studies
of lake sediment and lake levels, dating back to the early dec-
ades of the 1900s (e.g., Lundqvist 1924, 1940; von Post 1934).
Gunnar Digerfeldt’s studies of lake level changes in southern
Sweden are now considered classic palaeolimnological studies
(e.g., Digerfeldt 1988; Harrison & Digerfeldt 1993). Fluctu-
ations in lake levels may indicate a change in humidity caused
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by temperature or precipitation, or a combination of both.
Lake levels in south and central Sweden were generally low
during the HTM but with some differences in timing. Lake
levels in northern Sweden also reached a minimum during
the HTM, due to dry and warm conditions (Barnekow 2000).

Most proxy-based reconstructions point to a warm and
generally dry HTM in Sweden. The Lake Igelsjön (Fig. 3)
record in south-central Sweden is a typical example, and stable
warm and dry conditions were reconstructed here from c. 8000
to 4300 cal a BP (Hammarlund et al. 2003; Seppä et al. 2005).
This came to an abrupt end in agreement with many other cli-
mate reconstructions from Boreal Europe (Seppä et al. 2005).

Peat
The use of peat stratigraphy for palaeoclimate reconstructions
has a long history in Sweden dating back to pioneering studies
in the early 1900s by Sernander, Granlund, von Post and
others. One of the first systematic studies of ombrotrophic
peat records was presented by Erik Granlund in his thesis
(Granlund 1932). Granlund investigated the stratigraphy and
lateral expansion of bogs in southern Sweden and coined the
term “recurrence surfaces” for sharp transitions in peat
humification, assumed to represent climate shifts from dry
and warm to wet and cold conditions. Today, these transitions
are usually referred to as “wet shifts” (e.g., Mauquoy & Barber
2002). Water-table reconstructions from Holocene peatlands

are increasingly being used as indicators of terrestrial palaeo-
climate, and today a multi-proxy approach is often strived
for, rather than using a single proxy (e.g., Mauquoy & Barber
2002; Vorren et al. 2007; Kylander et al. 2013).

With the exception of a few peat sites in Jämtland, northern
Sweden dating back to ca 11 000–10 500 cal a BP, the vast
majority of peat-based studies show that peat initiation started
later in Sweden, between c. 10 000 and 5000 cal a BP (Borg-
mark & Wastegård 2008; Rundgren 2008; Kylander et al.
2013). A first peat initiation maximum is recorded in northern
Sweden at 9500–8000 cal a BP. This is largely in agreement
with MacDonald et al.’s (2006) review of peatland initiation
throughout northern Europe, although the maximum in the
European dataset begins already at 10 500 cal a BP. A second,
less pronounced maximum is seen in the Swedish records
between 6000 and 5500 cal a BP, mainly in Värmland (Fig.
3; Rundgren 2008). Both periods in Sweden are dominated
by paludification which indicates that the peat initiation max-
ima were primarily due to climatic causes (Rundgren 2008).
Bergman (2005) also noted an episode of increasing humidity
between 5800 and 4800 cal a BP in a bog record from Jämtland.
A transition from minerotrophic to ombrotrophic peat occurs
in many areas around c. 6500–6000 cal a BP, and a trend to
wetter and colder conditions can be seen in many records
from ca. 5500 to 5000 cal a BP (Rundgren 2008). Peat initiation
in southern Sweden started later, around 8500 cal a BP

Table 4. Examples of studies reporting evidence for the HTM in Sweden (from south to north).

Site/area Coordinates (Lat.Long) Age a BP (c.) Proxy/Methods Ref.

L. Bysjön, Skåne N55.68°; E13.55° 7700–2600 Lake levels (1)
Viss Mosse, Skåne N55.85°; E13.83° 7300–6500 Dry bog-surface conditions (2)
Store Mosse, Småland N57.23°; E13.92° 8140–6605 Peat stratigraphy (3)
L. Igelsjön, Västergötland N58.55°; E13.67° 8000–4300 Lake isotope records (4)
L. Ljustjärnen, Västmanland N59.76°; E14.48° 7000–5500 Lake levels (5)
Kortlandamossen, Värmland N59.85°; E12.26° 8000–5000 Peat stratigraphy (6)
L. Spåime, Jämtland N63.11°; E12.32° 6300–4200 Cellulose stable isotopes (7)
L. Svartkälstjärn, Västerbotten N64.26°; E19.54° 6300–4200 Cellulose stable isotopes (7)
L. Flocktjärn, NE Sweden N64.71°; E20.83° 7700–5260 Chironomids (8)
Korallgrottan, Jämtland N64.89°; E14.15° 7800–5900 Speleothem (9)
L. Sjuodjijaure, N Sweden N67.37°; E18.07° 7300–3900 Bioproxies, LOI (10)
Nipal glacier, N Sweden N67.97°; E18.54° 7800–7580 Soil formation in moraines (11)

6300–4080
Torneträsk area, north Sweden N68.3°; E18.8-20.0° 6300–4500 Palaeobotanical records (12)
South Sweden 9800–5500 Presence of pond turtle (13)
South and middle Sweden up to N63.70° no ages given Fossil hazelnuts in peat (14)
South and middle Sweden no ages given Thermal indicator plants (15)
Scandes Mountains (Swedish part) 8000–5500 No evidence for mountain glaciers (16)
Scandes Mountains, Jämtland 7500–7000 Altitudinal tree-lines (17)
Scandes Mountains, Jämtland and Lappland 7900–5100 Altitudinal tree-lines (18)

(1) Digerfeldt (1988); generally dry, but fluctuating conditions; dryness culminated ca 5750–5100 cal a BP.
(2) Edvardsson et al. (2012); dry bog-surface conditions inferred from tree establishment coinciding with high peat humification.
(3) Kylander et al. (2013); high peat humification values, inferring mainly warm and dry conditions.
(4) Hammarlund et al. (2003); Seppä et al. (2005); stable warm and dry conditions inferred from lake stable isotopes.
(5) Almquist-Jacobson (1995); low level of L. Ljustjärnen, south-central Sweden.
(6) Borgmark & Wastegård (2008); consistently high peat humification values, inferring mainly warm and dry conditions.
(7) St. Amour et al. (2010); apparent climatic stability with persistent NAO-like circulation.
(8) Engels (2021); chironomid-inferred summer temperatures of 14°C.
(9) Sundqvist et al. (2007); stable, warm conditions at least until 5900 cal a BP when speleothem growth ended.
(10) Rosén et al. (2001); a generally warm period between 7300 and 3900 cal a BP inferred from pollen, diatoms, chironomids and LOI.
(11) Hormes et al. (2004); soil formation periods in moraines at the Nipal glacier, N Sweden.
(12) Barnekow (2000); optimal conditions for pine growth.
(13) Sommer et al. (2009); presence of warmth demanding pond turtle (Emys orbicularis) in south Sweden.
(14) Andersson (1909); August-September temperatures 2.5°C warmer than present (i.e., early 1900s).
(15) von Post (1924); postglacial temperature maximum during the Atlantic, not during Subboreal, based on pollen and macrofossils, especially thermal indicator taxa,
such as Trapa natans and Cladium mariscus.

(16) Nesje (2009); no conclusive evidence for glaciers in the Swedish part of the Scandes Mountains.
(17) Bergman (2005); peaks in macrofossils and pollen of Alnus in lake sediments.
(18) Karlén & Kuylenstierna (1996); high pine tree limits.
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(Franzén 2002), possibly as a result of increased humidity after
the early Holocene dry period. It should be noted, however,
that the lower-lying coastal areas of southern and middle Swe-
den were inundated by the Baltic Sea in the East and the North
Atlantic in the West during the Early Holocene (Figs. 2 and 3),
meaning that peat initiation could not start in these areas until
sometime after the land emerged from the sea.

Peat records from the HTM in Sweden are usually domi-
nated by minerotrophic fen peat, which is less suitable for
palaeoclimatic reconstructions than ombrotrophic peat (e.g.,
Barber & Charman 2003). One of few published records domi-
nated by Sphagnum peat during the HTM, Kortlandamossen
in Värmland, SW Sweden (Fig. 3), shows consistently high
humification values between c. 7500 and 5000 cal a BP
(Fig. 5), which is in line with warm and dry conditions and

low local groundwater levels (Borgmark & Wastegård 2008).
A peat record from Skåne, Viss Mosse (Fig. 4; Edvardsson
et al. 2012), shows dry bog-surface conditions at 7300–6500
cal a BP.

The Store Mosse peat record (Fig. 3), one of the best-
studied bogs in southern Sweden, suggests that warm and
dry conditions prevailed between 8140 and 6605 cal a BP,
with the most extreme warm and dry conditions at c. 6900–
6600 cal a BP (Kylander et al. 2013). Wetter conditions dom-
inate at Store Mosse from 5500 to 4980 cal a BP.

The Late Holocene

A change to colder and wetter conditions is evident in many
Swedish records around the Mid- to Late Holocene transition
at c. 4500–3500 cal a BP. The GSSP defining the base of the
Late Holocene is currently defined at 4200 cal a BP, and
there were several arguments for placing the boundary at the
“4.2 ka event”, including droughts in the Eastern Mediterra-
nean, Mesopotamia, the Indus Valley and the Yangtse River
Valley, which coincide with cultural shifts (Walker et al.
2019). This has recently been challenged by e.g., Bradley &
Bakke (2019) who found no compelling evidence for a signifi-
cant and widespread climatic anomaly in the Northern North
Atlantic region at c. 4.2 ka BP, rather that this event was one of
many of a series of fluctuations superimposed on an overall
decline in temperature.

Several Swedish records show a trend towards wetter and
colder conditions during the Late Holocene with short-term
smaller fluctuations superimposed on a general trend (Figs. 5
and 6). In many records this trend started already with a cool-
ing at c. 6000–5500 cal a BP and can to some extent be
explained by a decreasing summer insolation in the northern
Hemisphere (Fig. 5). Shorter fluctuations have, among others,
been explained by weakening of the AMOC (Atlantic Meridio-
nal Overturning Circulation), volcanic eruptions and changes
in the solar output (Mayewski et al. 2004; Wanner et al. 2008).
It is, however, clear that climate variability became more
regional and complex as the Holocene progressed, and com-
parison of records through this transition is therefore more
difficult over time and space (O’Brien et al. 1995).

Aeolian deposits
Aeolian dune formation in Sweden was more or less com-
pleted at c. 9 ka BP some hundred years after vegetation
was established, but Alexanderson & Bernhardson (2016)
also noted periods with sand drift in Dalarna (Fig. 4) in con-
nection to regional climatic changes at c. 4100 cal a BP,
1570–1410 cal a BP and c. 1045 CE (970 ± 60 cal a BP)
(Table 5).

A further proxy for sand drift is Aeolian Sand Influx (ASI)
in peat-bogs, investigated in Sweden by Björck & Clemmensen
(2004) and de Jong et al. (2006, 2007). High ASIs were
recorded at 4800, 4200, 2800–2500, 1500, 1100 and 400–50
cal a BP in bogs in Halland by de Jong et al. (2006), indicating
several cold and stormy periods during the Late Holocene
(Table 5).

Figure 4. Sites and provinces in Sweden mentioned in the text, but not shown in
Figs. 2 or 3.
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Figure 5. (Colour online) Examples of Swedish palaeoclimate reconstructions for the last 10 000 years. A. July insolation at 60°N. B. Pollen-based annual temperature
curve from Lake Gilltjärnen (Fig. 3; N60.08°; E15.79°; dark green curve to the left) and Lake Trehörningen (Fig. 3; N58.56°; E11.61°; dark purple curve to the right) from
Antonsson et al. (2006) and Antonsson & Seppä (2007). C. δ18Odiatom records from two lakes in northern Sweden, Vuolep Allakasjaure (Fig. 4; N68.17°; E18.17°; yellow
curve to the left, upper axis) and Lake 850 (Fig. 4; N68.30°; E19.12°; black curve to the right, lower axis) from Shemesh et al. (2001) and Rosqvist et al. (2004). δ18Odiatom

minima are interpreted as glacier advances. D. Glacier variations in northern Sweden (Nesje 2009 and references therein). E. Lake level records from Lake Bysjön (Fig. 4;
N55.68°; E13.55°; orange curve, lower axis) (Digerfeldt 1988) and Lake Ljustjärnen (Fig. 4; N59.76°; E14.48°; blue curve, upper axis) (Almquist-Jacobson 1995), as pre-
sented in Kylander et al. (2013). F. Peat humification record from Kortlandamossen, SW Sweden (Fig. 3; N59.85°; E12.28°; brown curve) (Borgmark & Wastegård 2008);
brown bars to the right show peat initiation maxima in northern Sweden (9500–8000 cal a BP) and southern Sweden (6000–5500 cal a BP); blue bars show widespread
periods with high bog water tables in Swedish bogs (Rundgren 2008).

Figure 6. (Colour online) Examples of Swedish palaeoclimate reconstructions for the last 5000 years: The dashed line shows the Middle/Late Holocene boundary: A.
Tann record from Lake Flarken (Fig. 3; N58.56°; E13.67°; Seppä et al. 2005). B. Carbonate δ18O record from Lake Igelsjön (Fig. 3; N58.55°; E13.67°; Hammarlund et al.
2003). C. Water table reconstruction from Lilla Backsjömyren (Fig. 3; N62.59°; E14.54°; Andersson & Schoning 2010). D. Glacier variations in northern Sweden (Nesje
2009 and references therein). E. Lake level records from Lake Bysjön (Fig. 4; N55.68°; E13.55°; orange curve, lower axis) (Digerfeldt 1988) and Lake Ljustjärnen (Fig. 4;
N59.76°; E14.48°; blue curve, upper axis) (Almquist-Jacobson 1995), as presented in Kylander et al. (2013). F. Oxygen isotope record from Lake Blektjärnen (Fig, 3;
N62.98°; E14.65°; Andersson et al. 2010). G. Peat humification record from Fågelmossen, Värmland (Fig. 3; N59.53°; E12.17°; Borgmark & Wastegård 2008).
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Table 5. Examples from Sweden of cold and/or wet climate events in the Late Holocene (4200 cal a BP-c. 1880 CE).

Site/area Age a BP (c.) Proxy/Methods Ref.

Aeolian deposits
Aeolian deposits, Dalarna 4300–4100; 1570–1410; 1030–910 Sand drift (1)
Archaeology and historical records
Archaeology, S Sweden 2600 Crisis due to raising groundwater levels (2)
Archaeology, south and middle Sweden 1420 Farm abandonment following the “LALIA” (3)
Archaeology, N Sweden 4200–3600 Excavations and pitfall traps (4)
L. Mälaren area, south-central Sweden 450–350; 150 Historical climatology (5)
Cave deposits
Korallgrottan, Jämtland, N Sweden 650–250 Isotope-inferred shift to colder conditions (6)
Dendroclimatology
Torneträsk area, N Sweden 2600–1950 Dendroclimatology (7)
Jämtland, N Sweden 4150–4050 2050–1900, 1150–1050 Submerged trunks (high lake water levels) (8)
Jämtland, N Sweden 3700–3500; 600 Tree-line retreat (9)
Glaciers
Glacier advances, Torneträsk, N Sweden 4400, 3000 2000, 1200, 500 Lake sediment (LOI, δ18Odiatom) (10)
Glacier advances, Kebnekaise, N Sweden 3200–2200; 500–100 Moraines (11)
Glacier reactivation, Kårsa glacier, N Sweden 3200 Proglacial lake sediments (12)
Lakes and lake level changes
L. Vuoksjávrátje, N Sweden 2900 Lake sediments, catchment geomorphology (13)
Lake sediments and bog records, Jämtland 3500–2000 Multi-proxy analyses (14,15)
L. Blektjärnen, Jämtland, N Sweden 4200–3200; 1000–500 Stable isotope records (16)
L. Bysjön, Skåne, S Sweden 2600–2300 Lake hydrology (17)
L. Kassjön, Västerbotten, N Sweden 350 Lake sediment (18)
L. Igelsjön, Västergötland, S Sweden 4450–3450 Lake sediment multi-proxy study (19)
L. Färsksjön, Blekinge, S Sweden 4450–4200 Lake levels, submerged tree trunks (20)
L. Spåime, L. Stuor Goussasjavri, N Sweden 350–200 Coldest part of Little Ice Age (21)
Peat records
Peat bogs, S Sweden 4250, 3150, 2550, 1550, 750 Ombrotrophic peat (recurrence surfaces) (22)
Peat bogs, Halland, S Sweden 4200, 2800–2500, 1500, 1100, 400–50 Ombrotrophic peat (wet shifts, ASI) (23,24)
Peat bogs, central and northern Sweden 3300, 2500–2100; 1300 Ombrotrophic peat (wet shifts) (25)
Peat bogs, Värmland, south-central Sweden 4500–4000; 3700–3200; 3000–2700 Ombrotrophic peat (peat humification) (26)

1700–700
Gällseredsmossen, Halland, SW Sweden 4400–4150 Testate amoebae in ombrotrophic peat (27)
Lilla Backsjömyren, Jämtland, N Sweden 2600 Peat stratigraphy (28)
Saxnäs mosse, Småland, S Sweden 675–360 Pollen (29)
Store Mosse, S Sweden 2600, 1200 Ombrotrophic peat (30)
Other
Peatlands in northern Sweden 600–100 BP Development of permafrost (31,32)

(1) Alexanderson & Bernhardson (2016); sand drift events in dune fields in Dalarna, central Sweden, possibly due to regional climatic events.
(2) Berglund et al. (1991); crisis in the development of the cultural landscape in southern Scandinavia, due to a combination of overpopulation, overexploitation and climate
change.

(3) Gräslund (2007); Gräslund & Price (2012); widespread disruption of settlement and population displacement in south and middle Sweden.
(4) Larsson et al. (2012); rapid and major drop in moose populations in north Sweden due to a wetter and colder climate.
(5) Leijonhufvud et al. (2008, 2010); cold winters in the Stockholm and Lake Mälaren area, reconstructed from historical and documentary data.
(6) Sundqvist et al. (2010); Isotope-inferred shift to colder conditions.
(7) Grudd (2008); tree-ring-width and maximum density in subfossil pine trees suggest particularly severe summer conditions 2600–1900 cal a BP in north Sweden.
(8) Gunnarson et al. (2003); Gunnarson (2008); periods with pine mortality phases during periods of high lake levels of which some can be correlated with peat humification
records

(9) Bergman (2005); significant tree-limit retractions in the Lake Spåime catchment (N63.11°; E12.32°), Jämtland, north Sweden.
(10) Rosqvist et al. (2004); oxygen isotope depletion in concordance with glacier advances in north Sweden.
(11) Denton & Karlén (1973); Karlén (1988); end moraine systems dated by 14C and lichenometry in the Kebnekaise and Sarek areas, north Sweden (dates in the table refer to
Denton & Karlén 1973), several more glacier advances were described by Karlén (1988).

(12) Snowball & Sandgren (1996); lake sediment in the Kårsa valley (N68.3°; E18.4°) suggests complete disappearance of the glacier during the early and mid-Holocene and glacier
reformation at c. 3200 cal a BP.

(13) Berntsson et al. (2015); multi-proxy study focusing on lake sediment from L. Vuoksjávrátje (N66.25°; E15.72°) and catchment processes inferring a prominent event at c. 2900
cal a BP due to excessive precipitation.

(14) Bergman et al. (2005); retreat of birch tree-limit from the L. Stensjön (N63.10°; E12.14°) catchment at c. 3500 cal a BP.
(15) Bergman (2005); increased humidity and lower summer temperatures slightly after 2000 cal a BP inferred from bog and lake sites in Jämtland, west-central Sweden.
(16) Andersson et al. (2010); periods with increased humidity inferred from stable isotopes (Chara calcite and Pisidium shells) at L. Blektjärnen (N62.98°; E14.65°).
(17) Digerfeldt (1988); high lake level at L. Bysjön (N55.68°; E13.55°).
(18) Anderson et al. (1996); reduction of diatom diversity at c. 350 cal a BP in annually laminated sediments at L. Kassjön (N63.92°; E20.01°).
(19) Jessen et al. (2005); multi-proxy investigation of lake sediment from L. Igelsjön (N58.55°; E13.67°), showing a two-step transition to a cooler andmore unstable late Holocene: the first
at 4450–4350 cal a BP and the second between 4000 and 3800 cal a BP, followed by a CO2 concentration minimum between 3650 and 3500cal a BP inferred from leaf stomatal index
analysis. Stable isotopes, pollen analysis and organic carbon indicate a progressively cooler and/or wetter climate from 4450 to 3450 cal a BP.

(20) Nilsson (1959), increased lake level and submerged tree trunks at L. Färsksjön (N56.17°; E14.99°).
(21) Rosqvist et al. (2013); dry summers and increasingwinter snowduring the coldest part of LIA (Little Ice Age), inferred from stable isotopes at L. Spåime (N63.11°; E12.32°) and L. Stuor
Goussasjavri (N67.85°; 19.68°), N Sweden.

(22) Granlund (1932); regional wet shifts (recurrence surfaces) in peat bogs in south and middle Sweden.
(23) Björck & Clemmensen (2004); peaks in ASI (aeolian sand influx) in coastal bogs in Halland, SW Sweden indicating highwinter storminess at 130, 300, 400, 475, 900, 1675–1875 1950–
2000, 2150 and 2225 cal a BP. Note that the dates in the table refer to later studies in Halland by de Jong et al. (2006, 2007).

(24) de Jong et al. (2006, 2007); Mellström et al. (2015); wet bog surface conditions and peaks in ASI (Aeolian Sediment Influx) in bogs in Halland, SW Sweden.
(25) Rundgren (2008); periods with wet shifts in ombrotrophic peat in central and northern Sweden.
(26) Borgmark & Wastegård (2008); peat humification shifts in ombrotrophic peat, Värmland, south-west Sweden (stacked record).
(27) Mallon (2012); wet shift inferred from testate amoebae at Gällseredsmossen (N57.17°; E12.60°).
(28) Andersson & Schoning (2010); multi-proxy evidence for a transition to ombrotrophic conditions at Lilla Backsjömyren, Jämtland, north Sweden (N62.59°; E14.54°).
(29) van der Linden and van Geel (2006); decrease in thermophilous trees during the LIA (upper part of LIA younger than 360 cal a BP missing) at Saxnäs Mosse (N56.86°; E13.46°).
(30) Svensson (1988); wet shifts inferred from peat stratigraphy at Store Mosse (N57.23°; E13.92°) dated to 2600 and 1200 cal a BP.
(31) Zuidhoff (2003); palsa growth in northern peatland during the last cold part of the Little Ice Age (c. 100 cal a BP).
(32) Sannel et al. (2018); permafrost aggradation in northern Swedish peatlands between 600 and 100 cal a BP.
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Archaeology and historical records
Archaeological records from the Bronze and Iron ages in Scan-
dinavia (Fig. 1; c. 3700–900 cal a BP) have often been inter-
preted as reflecting climate-induced changes to the societies.
The Subboreal-Subatlantic boundary at c. 2600 cal a BP in
the Blytt–Sernander scheme coincides with the Bronze Age-
Iron Age transition in Scandinavia (Fig. 1) and has been inter-
preted as a change to more maritime conditions with colder
summers and an increased humidity (e.g., van Geel et al.
1996). This transition is regarded as a period of crisis in the
development of the cultural landscape in southern Scandina-
via, due to a combination of overpopulation, overexploitation
and climate change (Berglund et al. 1991). Rising groundwater
levels caused expansion of wetlands, flooding and formation of
lakes in southern Sweden. This period coincides with one of
the most pronounced drops in solar insolation in the Holocene
(van Geel et al. 1983) and, for example, led to the abandon-
ments of settlements in the Netherlands due to raising water
tables. The Subboreal-Subatlantic transition has traditionally
been connected to the “Fimbul Winter” in the Nordic mythol-
ogy (Sernander 1908). This was, however, questioned by Ber-
geron et al. (1956), and more recently Gräslund (2007)
suggested that the “Fimbul Winter”, as described in Nordic
Sagas, was a real event starting at 536 CE. The onset of this
event, now also known as the LALIA (Fig. 1; Late Antique Lit-
tle Ice Age; 536–660 CE, Büntgen et al. 2016), followed a clus-
ter of large volcanic eruptions and a solar minimum (Büntgen
et al. 2016; Toohey et al. 2016). In Sweden, this event was fol-
lowed by farm and village abandonment, resulting in the great-
est change in settlement patterns over the last 6500 years
(Gräslund & Price 2012). Interestingly, human genetic bottle-
necks have been suggested in Finland at 4100–3800 cal a BP
and 1500–1300 cal a BP, which coincides with the earliest
part of the Late Holocene and the LALIA (Sundell et al. 2014).

Climate information from historical sources can be traced
back to the early 1400s CE in Sweden and some secondary
sources date back to the late eleventh century CE (Retsö &
Söderberg 2019). Information about both winter/spring and
summer conditions can be deduced, e.g., ice break-up times
in the spring and suitable conditions for winter warfare
(Retsö 2002; Leijonhufvud et al. 2008) and extreme rainfall
events and crop failures in summer (Retsö 2015). A general
problem with historical sources is a bias towards extreme
weather events, such as storms and rainstorms, and towards
“negative” evidence, such as lack of snow in winter and harvest
failures (Retsö & Leijonhufvud 2020). A winter/spring temp-
erature reconstruction for the last 500 years, based on docu-
mentary sources such as harbour documents (sea tolls,
harbour fees, etc.) and instrumental data (from 1756 CE),
shows that the coldest winter conditions occurred in Stock-
holm during the Little Ice Age (LIA) at the 1500–1600s and
early 1800s CE (Leijonhufvud et al. 2008; 2010). Perhaps
more surprisingly, summer conditions at the “height of the Lit-
tle Ice Age”, between c. 1570 and 1630 CE, were characterised
by a high variation with some years being extremely wet and
some years extremely warm (Retsö & Leijonhufvud 2020).
Wet years become more uncommon from the 1660 s CE and
most years were either dry or very dry, especially from the
mid-1700 s onwards.

Cave deposits
A stalagmite from the cave Korallgrottan in Jämtland, NW
Sweden (Fig. 4) shows an enrichment of both carbon and oxy-
gen isotopes and decreasing speleothem growth rates over the
last 4000 years. This has been interpreted as a response to the
general cooling trend (Sundqvist et al. 2010). Isotopic shifts at
800–1000 CE and 1300–1700 CE are interpreted as responses
to the MWP and LIA, respectively.

Dendroclimatology
Tree growth in northern Scandinavia has a strong correlation
to summer temperature, and tree ring-width and maximum
density data from the Torneträsk area (Fig. 4) show a negative
trend of −0.3° over the last 1500 years but with a considerably
warm Medieval Warm Period, ca. 900–1100 CE (c. 1050–850
cal a BP) centred around 1000 CE (Grudd 2008). Warm
periods are also recorded around 750, 1400 and 1750 CE
(1200, 550 and 200 cal a BP). A highly variable, but generally
cold climate is indicated between c. 2600 and 1950 cal a BP
(Grudd 2008). There is a generally good agreement between
the Torneträsk chronology and a dendrochronology for the
last 3600 year in Jämtland (Fig. 4), some 600 km SW of Torne-
träsk (Linderholm & Gunnarson 2005). A warm Medieval
Warm Period is also well defined in Jämtland but confined
to the tenth century CE (c. 1050–950 cal a BP).

Gunnarson et al. (2003), Linderholm & Gunnarson (2005)
and Gunnarson (2008) have also utilised tree-rings as a
proxy of hydroclimate reconstructions. Dendrochronological
records of submerged trunks have been coupled to changes
in past lake levels, due to hydroclimatic changes. Several wet
and dry periods have been reconstructed, some of which
have been correlated with wet shifts in bogs (Gunnarson
et al. 2003), e.g., at 4150–4050, 2050–1900 and 1150–1050
cal a BP.

A colder climate with longer periods of snow-cover is indi-
cated during the last c. 4500–4000 years by a lowering of tree-
lines in the Scandes Mountains (e.g., Kullman 1995; Barnekow
2000). A retreat of continuous forest is dated to 3700–3500 cal
a BP in the catchment of Lake Spåime in Jämtland, where the
regional forest-limit was suppressed by increasing net precipi-
tation and a late-melting snow-cover (Bergman 2005). A
second significant lowering of birch (Betula pubescens) tree
lines at c. 600 cal a BP is associated with the Little Ice Age cool-
ing (Bergman 2005). A significant break in the long-term
Holocene tree-line regression is apparent during the last
c. 50–100 years with an elevational rise in tree-lines up to
200 m and a substantial increase in tree and shrub cover is
due to global warming (Kullman 2002; Kullman & Öberg
2009; Rundqvist et al. 2011).

Glaciers
It is generally assumed that Swedish glaciers reached their
maximum Holocene positions during the Little Ice Age (Den-
ton & Karlén 1973; Karlén 1988), but glacier advances have
also been described at 4400, 3000, 2000 and after 1200 cal a
BP (Rosqvist et al. 2004). Warmer conditions, favourable for
soil formation in frontal moraines, have been dated to 2450–
2000 and 1170–740 cal a BP, respectively (Table 6; Hormes
et al. 2004). One of the best studied glaciers in Sweden is the
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Kårsa glacier in northern Sweden (Fig. 4). A multiproxy study
of lake sediment in the Kårsa valley suggests a complete disap-
pearance of the Kårsa glacier during the Early and Middle
Holocene, and that the glacier started to reform at c. 3200
cal a BP (Snowball & Sandgren 1996). In his extensive survey
of Holocene glacier advances in Scandinavia, (Karlén 1988)
described significant glacier advances at c. 8300, 5900–5200,
3400–2900, 2200–1800 and 1500–1000 cal a BP. Many records,
however, were based only on one glacier, or one glacier-fed
lake, and may reflect local conditions rather than the regional
climate.

Lake sediment and lake level changes
Several lake sediment records that contain deposits from the
Late Holocene have been investigated, with many examples
from the Scandes Mountains where anthropogenic disturb-
ances are less severe than in lakes situated at more densely
populated lower latitudes (e.g., Berntsson et al. 2015). Lake
sediment sequences have been employed for palaeoclimate
reconstructions using transfer functions based on diatoms,
pollen and chironomid data (e.g., Barnekow 2000; Rosén
et al. 2001; Bigler et al. 2002).

Lake level variations in southern and middle Sweden were
generally more subdued compared with the Early and Middle
Holocene (Fig. 6). In the Lake Bysjön record (Digerfeldt 1988),
a high-water stand is recorded between c. 2600 and 2300 cal a
BP followed by a lowering that culminated between c. 1750 and
1050 cal a BP (Fig. 6). A similar, but more subdued trend can
be seen in the Lake Ljustjärnen record from central Sweden
(Fig. 6; Almquist-Jacobson 1995). Lake records in northern
Sweden show a rise in levels at c. 4500 BP, indicating a cooler
and more humid climate during the Late Holocene (Barnekow

2000). Increased variability and enhanced erosion have been
observed around many alpine lakes between c. 2900 and
2600 cal a BP (Rubensdotter & Rosqvist 2003; Berntsson
et al. 2015), possibly related to the climate event at c. 2650
cal a BP (van Geel et al. 1996).

The transition from the relatively warm Middle Holocene
to a cooler and more unstable Late Holocene has been recon-
structed in sediments from Lake Igeltjärn, south-central Swe-
den (Fig. 3: Jessen et al. 2005). The transition occurred in
two steps: the first at 4450–4350 cal a BP and the second
between 4000 and 3800 cal a BP (Fig. 6), followed by a CO2

concentration minimum between 3650 and 3500 cal a BP
inferred from leaf stomatal index analysis. Proxies, such as
stable isotopes, pollen analysis and organic carbon indicate a
progressively cooler and/or wetter climate from 4450 to 3450
cal a BP, followed by a more stable environment between
3450 and 2750 cal a BP (Jessen et al. 2005). A general depletion
of δ18Osed characterises the last 3000 years (Fig. 6), indicating
successively more humid conditions due to a continuous
increase in net precipitation, rising groundwater and decreas-
ing evaporation (Hammarlund et al. 2003).

Pollen-inferred temperature reconstructions from lake
sediments in southern and middle Sweden show a long-term
temperature decrease starting at c. 4500 cal a BP (Figs. 5 and
6; Antonsson 2006). Multiproxy studies from the Scandes
Mountains also suggest a gradual lowering of July tempera-
tures but without any clear evidence for the Medieval Warm
Period and the Little Ice Age (e.g., Rosén et al. 2001; Bigler
et al. 2002). A climatic and vegetational change is recorded
in lake sediment from Jämtland at c. 3500 cal a BP (Bergman
et al. 2005) followed by “near-modern” climatic conditions.
The second episode of increased effective humidity and
lower summer temperatures has an onset shortly after 2000
cal a BP (Bergman 2005).

Reconstructions of past changes in stable isotope compo-
sition of lake waters in northern Sweden show a rapid and syn-
chronous response to a major change in precipitation patterns
after 4200 cal a BP (Andersson et al. 2010; Larsson et al. 2012).
This climate deterioration lasted until c. 3200 cal a BP and has
been explained by an increase in winter precipitation due to a
shorter ice and snow-free period. This was followed by a
period with a drier climate between c. 2500 and 1750 cal a
BP, followed by progressively more negative isotope values
suggesting a wetting climate (Fig. 6; Andersson et al. 2010).
A slight enrichment of Chara δ18O values between c. 500
and 100 cal a BP may indicate a drier and cooler climate during
the Little Ice Age (Fig. 6; Andersson et al. 2010).

Some alpine lakes show midge-inferred increases in sum-
mer temperatures around 1000 CE (950 cal a BP) but most
reconstructions are based on only a few samples (Hammar-
lund et al. 2004; Berntsson et al. 2014). A compilation of temp-
erature reconstructions from 11 lakes in northern
Fennoscandia and the Kola Peninsula, including one lake in
northern Sweden (L. Vuoskkujavri; Bigler et al. 2002), shows
no clear indication of a warm MWP. Instead, they suggest
cooler conditions between c. 750 and 50 cal a BP in general
agreement with LIA cooling (Bjune et al. 2009). A reduction
of diatom diversity at around 350 cal a BP (c. 1600 CE) has
been observed in annually laminated sediment from the

Table 6. Examples of warm and/or dry climate anomalies in Sweden in the Late
Holocene (4200 cal a BP-c. 1880 CE).

Site/area Age a BP (c.) Proxy/Methods Ref.

Torneträsk area, Lappland, N
Sweden

1050–850, 1200,
550 200

Dendroclimatology (1)

Western Jämtland, N Sweden 1500–1400; 1050–
950

Dendroclimatology (2)

Nipal glacier, Lappland, N
Sweden

2450–2000, 1170–
740

Soil formation (3)

L. Bysjön, Skåne, S Sweden 1750–1050 Lake hydrology (4)
Lake sediments, N Sweden 2500–1750 Lake isotope

records
(5)

Lake sediments, N Sweden 950 Chironomids (6)
Peatlands 150–present Peat stratigraphy (7)
Korallgrottan, Jämtland 1150–950 Speleothem (8)

(1) Grudd (2008); warm conditions inferred from tree-ring-widths and maximum
density, “equally warm, or warmer than the late twentieth century”.

(2) Linderholm & Gunnarson (2005); anomalously warm summers inferred from
tree-ring widths.

(3) Hormes et al. (2004); soil formation periods in moraines at the Nipal glacier, N
Sweden (N67.97°; E18.54°).

(4) Digerfeldt (1988); low lake level at L. Bysjön (N55.68°; E13.55°).
(5) Andersson et al. (2010); periods with generally dry conditions inferred from
stable isotopes (Chara calcite and Pisidium shells) at L. Blektjärnen (N62.98°;
E14.65°).

(6) Hammarlund et al. (2004); Berntsson et al. (2014); warm summer temperatures
inferred from chironomids at L. Spåime (N63.11°; E12.32°) and L. Vuoksjávrtje
(N66.25°; E15.72°).

(7) Swindles et al. (2019); drying of European peatlands, including Sweden, due to
climate and human impact.

(8) Sundqvist et al. (2010); Isotope-inferred shift to warmer conditions at Korall-
grottan (N64.89°; E14.15°).
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northern Lake Kassjön (Fig. 3; Anderson et al. 1996) and may
be associated with the LIA. Lake sediment studies from eastern
and southern Finland, however, show clear anomalies during
the last 700 years based on chironomid-inferred temperatures
(Luoto 2013). Almost 2°C colder temperatures were recon-
structed at c. 1700 CE compared with the present. No such
detailed lake records exist from Sweden, however.

Peat
Several periods of increased wetness are inferred from Late
Holocene peat records in Sweden. A compilation of 61 sites
in central and northern Sweden showed that regional and
more widespread periods with high bog water tables occurred
at 3300, 2500–2100 and 1300 cal a BP (Rundgren 2008). Wet
shifts were also found in the Store Mosse bog (Fig. 4), southern
Sweden at c. 2600 and 1200 cal a BP (Svensson 1988) and at
Undarsmosse in south-west Sweden at 2800, 2350 and 1500
cal a BP (Fig. 4; de Jong et al. 2006). These shifts are largely
in agreement with the three most distinct recurrences surfaces
(“RY”) described by Granlund (1932) in bogs in southern Swe-
den (RYIV c. 3150 cal a BP; RYIII c. 2500 cal a BP and RYII
c. 1600 cal a BP). Possible responses to the 4.2 ka BP event
can be found in peat humification data from Värmland,
where Borgmark & Wastegård (2008) showed the most pro-
nounced wetting of the Kortlandamossen bog (Fig. 3) at
c. 4500–4000 cal a BP (Fig. 5). A similar shift was also found
at Gällseredsmossen, Halland (Fig. 4) at 4400–4150 BP (Mal-
lon 2012) and at Undarsmosse in Halland (Fig. 4) at c. 4300
BP (de Jong et al. 2006). Fewer bog records have been investi-
gated in northern Sweden compared to southern and middle
Sweden, but a major change towards more ombrotrophic con-
ditions was noted by Andersson & Schoning (2010) at 2600 cal
a BP (Fig. 6) in a peat record from Lilla Backsjömyren, Jämt-
land (Fig. 3). This was followed by a further ombrotrophica-
tion during the last millennium and a change to more
minerotrophic conditions at ca. 300 cal a BP, suggesting an
increased inflow of groundwater from the surroundings. A
recent drying over the last c. 300 years seems to have affected
many European peatlands, including Sweden (de Jong et al.
2006; Swindles et al. 2019), due to climatic drying and warm-
ing, as well as human impact on peatlands. Peatlands in north-
ernmost Sweden are today affected by permafrost that
developed during the Little Ice Age (c. 600–100 cal a BP;
Zuidhoff 2003; Sannel et al. 2018), but there is no evidence
for permafrost inception before the Little Ice Age.

Discussion and synthesis

The early part of the Holocene

The Holocene climate evolution in Sweden follows a pattern in
common for many northern latitude records with a rapid
warming starting at the Pleistocene–Holocene boundary at
c. 11 650 cal a BP, followed by the HTM between c. 8000
and 5000 cal a BP. The early Holocene warming triggered a
marked increase in the ice recession rate of the FIS (e.g.,
Andrén et al. 1999) and an abrupt decrease of cold-adapted
plants in southern Sweden (Schenk et al. 2020). It has often
been assumed that climate oscillations during the Late

Glacial-Interglacial transition (ca. 15–10 ka BP) were broadly
synchronous (Björck et al. 1996), but recent results from
NW Europe suggest that some of these events were asynchro-
nous, such as the inception and the duration of the Younger
Dryas cold reversal and the mid-Younger Dryas climate ame-
lioration (Lane et al. 2013; Muschitiello & Wohlfarth 2015;
Wohlfarth et al. 2017). A further problem when comparing
the timing of the early Holocene warming is that different
methods have been used for dating the deglaciation, e.g.,
clay-varves in the Baltic Sea, TCN dating of moraines and
radiocarbon dating of sediments and macrofossils (e.g.,
Lundqvist & Wohlfarth 2000; Stroeven et al. 2016) and that
the results often are difficult to compare. Efforts to synchronise
clay-varve-based timescales with radiocarbon-dated records,
by using terrestrial macrofossils in varves, have been successful
to some extent (Wohlfarth et al. 1998; Björck et al. 2001) but
have often proven difficult due to a scarcity of macrofossils
in the glacial varves and wide error margins of radiocarbon
dates performed in the 1980s and 1990s. A further problem
with radiocarbon-based chronologies is the radiocarbon pla-
teaux centred at ca. 10 000, 9600 and 8900 14C years BP,
which makes exact dating of climate fluctuations during the
Early Holocene challenging (e.g., Björck et al. 1996). A poten-
tial method for synchronising records from the last deglacia-
tion is tephrochronology. There are promising results for
Younger Dryas varves from south-east Sweden using the
Vedde Ash as a time-synchronous marker (MacLeod et al.
2014; Muschitiello et al. 2016), and there are several wide-
spread tephras from the early Holocene that have the potential
for constraining the rapid warming transition at the beginning
of the Holocene and the Preboreal Oscillation, e.g., the Hässel-
dalen, Askja-S and Fosen tephras (e.g., Davies et al. 2012; Lind
et al. 2013).

The Northern Hemisphere summer insolation peaked at ca.
11 ka, followed by a steady decrease to the current level of 9%
less than the early Holocene maximum (Fig. 5; Berger & Loutre
1991). Proxy-based reconstructions from the Northern Hemi-
sphere show, however, that the timing and magnitude of the
warming differ between regions, suggesting that the early
Holocene climate was highly sensitive to small changes in
ice-sheet configuration (Kaufman et al. 2004; Renssen et al.
2009; Briner et al. 2016). Sweden is no exception, and most
proxy-based reconstructions show that the highest tempera-
tures were reached here some 3000–4000 years into the Holo-
cene (Fig. 5; e.g., Seppä et al. 2005).

Several cold reversals punctuated the early Holocene warm-
ing, but only weak or no evidence exists for the Preboreal
Oscillation/11.4 ka and the 10.3 and 9.3 ka events in Sweden.
This is in contrast to Norway, where Preboreal moraines
occur in multiple locations at both low and high elevations
(e.g., Andersen 1980), and to Finland where the youngest of
the distinct Salpausselkä moraines, Salpausselkä III has been
correlated with the Preboreal Oscillation (Björck et al. 1997;
Stroeven et al. 2016) and a further ice-marginal formation,
the Central Finland ice-marginal formation has been dated
around 11 ka cal BP (Rainio et al. 1995). Moraines dated to
the early Preboreal in Värmland, SW Sweden (Lundqvist
1988) may be an indication of a temporary slow-down of the
ice retreat, but an alternative explanation is that the moraines
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are topographically induced and were deposited when the ice
retreated from a sub-aquatic to supra-aquatic environment.
Ice recessional lines north of the Younger Dryas moraines in
Sweden indicate a rather rapid and uninterrupted deglaciation
until the last ice remnants were melted at c. 10 ka BP (Stroeven
et al. 2016; Regnéll et al. 2019). There are, however, conflicting
ages for the deglaciation chronology of northern Sweden,
where some results point to a deglaciation that is earlier by
some 500 years (Lindén et al. 2006; Möller et al. 2013) than
the deglaciation chronology of Stroeven et al. (2016).

The last and most prominent cold reversal before the HTM,
the 8.2 ka BP event, is more clearly registered in Swedish
records compared with other events during the Early Holo-
cene, despite no conclusive evidence in Sweden of glacier
advances similar to the Norwegian Finse event (c. 8.5–8.0 ka
BP; Nesje et al. 2001; Nesje & Dahl 2001). However, radiocar-
bon and varve ages encompassing the event differ by several
hundred years, which may reflect dating difficulties, or that
the responses in Sweden are more consistent with the hypoth-
esis of a broad climate anomaly at 8600–8000 cal a BP rather
than one single event (e.g., Rohling & Pälike 2005). Many pol-
len-based records, however, and especially the Lake Flarken
record (Seppä et al. 2005), show a sudden and distinct cooling
of 1.5°C at 8300 cal a BP that is correlated to a pronounced
decrease in δ18O at the nearby Lake Igelsjön (Fig. 3). Corylus,
and to a lesser extent Ulmus and Alnus, show a decline simul-
taneously with an increase in Betula pollen.

The Holocene Thermal Maximum

Most investigations show a clear HTM in Sweden with warm
and generally dry conditions between c. 8000 and 5000 cal a
BP (Table 4), some 3000–6000 years after the peak in Northern
Hemisphere insolation. The warmest and driest part of the
HTM is reconstructed at c. 7500–6000 cal a BP in many
records, which agrees with several other European records
(e.g., Davis et al. 2003; Heikkilä & Seppä 2003). In contrast,
scattered finds of tree megafossils on high elevations in the
Scandes Mountains, dated to c. 9500–9100 cal a BP, suggest
that maximum summer temperatures were reached already
in the Early Holocene (Kullman 1999). Summer temperatures
peaking in the Early Holocene have also been reconstructed
from lake sites in northern Fennoscandia, including the Lake
Loitsana sediments in northern Finland (Shala et al. 2017).
Here, aquatic/wetland macrofossil assemblages indicate higher
than present summer temperatures at the peak of summer
insolation at ca. 11–10.5 ka BP, while peak summer tempera-
tures reconstructed from chironomids and pollen are dated
to ca. 10 ka BP and 7000 cal a BP, respectively. The absence
of an early Holocene temperature peak in southern Sweden
has not been extensively discussed in the literature (cf. Paus
2013) and most temperature reconstructions in southern Swe-
den are based on pollen records, which often show a delayed
response of the terrestrial ecosystem compared with aquatic
ecosystems. Lake records in south Sweden also infer more
maritime conditions with cool and moist conditions after the
distinct low lake level stands at c. 11.1–10.2 ka BP (Digerfeldt
1988; Seppä et al. 2005). The presence of warmth-demanding
plants Hedera and Viscum in southern Norway already in

the Early Holocene (c. 10 ka BP), however, suggests that the
spread of deciduous trees like Tilia was delayed by reasons
other than unfavourable July temperatures.

A middle Holocene cold event

A transition to colder and wetter conditions is seen in many
Swedish records at c. 6000–5500 cal a BP, while other records
were less affected and show warm and stable conditions until
c. 4200 cal a BP (e.g., Hammarlund et al. 2003; St. Amour
et al. 2010). Scandinavian glaciers started to advance (e.g.,
Nesje 2009), and many southern Swedish ombrotrophic peat
records show the first distinct Holocene wet shift (Sandegren
1937; Mallon 2012; Kylander et al. 2013). The cooling
coincides with an ice-rafting episode in the North Atlantic
(c. 5900 cal BP; Bond et al. 1997) and a significant cold period
in Greenland, evidenced by increased sea salt and terrestrial
dust concentrations in the GISP2 record (c. 6000–5000 cal a
BP; O’Brien et al. 1995). This middle Holocene climate event
is thought to be the result of a combination of different factors
including orbital forcing, changes in ocean circulation, and
variations in solar activity (Magny & Haas 2004). The event
follows after a summer temperature maximum over northern
Europe (Davis et al. 2003) and a peak in hunter-gatherer popu-
lation in Finland (Tallavaara & Seppä 2012), which coincides
with a peak in lacustrine and Baltic Sea productivity. Pollen
records from northern Europe show that the last 5000 years
have been characterised by a roughly linear cooling trend
and that proxies reflecting temperature and humidity show a
remarkable consistency (Seppä et al. 2009).

The 4.2 ka BP event

The recent formalisation of the 4.2 ka BP event as the Mid- to
Late Holocene boundary (Walker et al. 2012, 2019) has
sparked new interest in this climate event, also recognised as
one of the Holocene IRD events in the North Atlantic (Bond
et al. 1997). The GSSP for the Meghalayan stage at 4250 cal
a b2k or 4200 cal a BP is located in a speleothem from the
Mawmluh cave, Meghalaya, northeast India (Walker et al.
2018). Bradley & Bakke (2019) found no compelling evidence
for a significant and widespread climatic anomaly in northern
Europe at c. 4.2 ka BP and argued that this event was one of
many in a series of fluctuations superimposed on an overall
decline in temperature. However, in a comment to Bradley
and Bakke’s paper, Weiss (2019) presented convincing evi-
dence for the 4.2 ka BP event in the northern North Atlantic
region, including several Swedish bog and lake records (e.g.,
Hammarlund et al. 2003; Antonsson & Seppä 2007; Gunnar-
son 2008). Several bog records in southern and western Swe-
den display a wet shift around 4200 cal a BP (Granlund
1932; de Jong et al. 2006; Borgmark &Wastegård 2008; Mallon
2012) in agreement with many other European bog records at
this time (e.g., Hughes et al. 2000; Langdon & Barber 2005;
Vorren et al. 2007). Others, however, found no compelling evi-
dence to support high bog water-tables during the 4.2 ka BP
event (Roland et al. 2014). High humidity and high lake
water levels are also inferred from dendroclimatology records
at this time in Central Sweden (Gunnarson et al. 2003), and a
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glacier advance is reconstructed at ca. 4400 cal a BP (Rosqvist
et al. 2004). All these records, along with many others, point to
the onset of a significantly more variable climate between
c. 4500 and 4000 cal a BP, possibly in connection with the
4.2 ka event (Fig. 5). This time period also coincides with
the European Storm period II (4500–3950 cal a BP; Sorrel
et al. 2012), and peat and aeolian records from southern and
central Sweden suggest increased storminess at this time (de
Jong et al. 2006; Alexanderson & Bernhardson 2016).
Although it is difficult to manifest the significance of the 4.2
ka event in Sweden, many climate proxies infer a change to
wetter and/or cooler climate at this time. Whether this climate
anomaly was more prominent than other Late Holocene events
remains an open question.

Climate events during the latter part of the Holocene

In addition to the 4.2 ka BP event which in part is the basis for
defining the base of the Late Holocene (Fig. 1), there are sev-
eral other climate events during the Late Holocene. Pollen
records from northern Europe show a continuous cooling
trend with cold anomalies identified at 3800–3000 cal a BP
and at 500–100 cal a BP (Seppä et al. 2009). This trend can
to some extent be explained by a decreasing summer insolation
in the northern Hemisphere with shorter fluctuations due to
weakening of the AMOC, volcanic eruptions and changes in
the solar output (Mayewski et al. 2004; Wanner et al. 2008).
A climate anomaly is demonstrated in many Swedish records
between ca. 3700 and 3200 cal a BP (Fig. 5). Snowball et al.
(1999) noted a sudden increase in catchment erosion in the
Lake Sarsjön record in northern Sweden at c. 3700 cal a BP,
and many other records show a rapid transition to a more vari-
able climate at this time, with glacier expansions in the moun-
tains, wet shifts in bogs and a lowering of treelines in the
mountains (e.g., Snowball & Sandgren 1996; Bergman 2005;
Borgmark & Wastegård 2008). Several other records from
northern Europe show a cold and wet period ca. 3800–3000
cal a BP, peaking at 3500 cal a BP (Seppä et al. 2009). Pro-
nounced shifts to wet conditions are indicated in many Euro-
pean bogs at c. 3800–3400 cal a BP, indicating that this was a
regional event, possibly triggered by changes in solar variabil-
ity (Anderson et al. 1998; Blaauw et al. 2004; Charman et al.
2006). Lake isotope records from southern Sweden and the
Scandes mountains show a change to more winter precipi-
tation and cooler and more humid summers from c. 4200
cal a BP, peaking at c. 3500 cal a BP, due to a significant and
persistent change in atmospheric circulation (e.g., Larsson
et al. 2012). Thus, the “3.5 ka BP event” in Sweden may be
as prominent as the 4.2 ka BP event or even more pronounced.

This period coincides with the early part of the Scandina-
vian Bronze age (Fig. 1; c. 3800–2500 cal a BP) which was a cli-
matically complex period with cold and wet conditions before
3000 cal a BP, followed by a warm/dry phase around c. 3000 cal
a BP, and finally a change to cold and wet conditions again
around 2800 cal a BP (Berglund 2003). Stable climate con-
ditions are inferred from the isotope record from Lake Igels-
jön, southern Sweden at c. 3450–2750 cal a BP (Fig. 6;
Hammarlund et al. 2003), and several other records show
that the period around 3000 cal a BP was relatively warm

and dry in Sweden (Fig. 6; Antonsson et al. 2006; Borgmark
& Wastegård 2008; Andersson et al. 2010). Glacier advances
in the mountains around 3200–2800 cal a BP (Snowball et al.
1999; Rosqvist et al. 2004) may to some extent be due to a
delayed response to the “3.5 ka BP event”.

The possibly most prominent Late Holocene climatic event
has been inferred at c. 2800–2600 cal a BP (e.g., van Geel et al.
1996). This event is sometimes referred to as the “2.8 ka BP
event”, and many bogs in North-west Europe show a change
from dark, highly humified peat to light poorly humified
peat at this time in parallel with changes in Sphagnum assem-
blages, indicating a transition from a relatively continental to a
more oceanic climate regime (e.g., van Geel et al. 1996). This
change is known as the Subboreal-Subatlantic boundary in
the Blytt–Sernander scheme (Fig. 1) and coincides with the
Bronze Age-Iron Age transition in Scandinavia and Gran-
lund’s third and possibly most conspicuous recurrence surface
in Swedish bogs, RYIII. A worldwide climate event around
c. 2800 cal a BP is well established in the literature and has
been interpreted as a response to an abrupt decrease in solar
activity around 2900–2800 cal a BP (van Geel et al. 2000).
Also, a period of maximum IRD influx occurred in the
North Atlantic at this time (Bond et al. 1997). Many Swedish
bog records show a wet shift at this time (Granlund 1932;
Svensson 1988; de Jong et al. 2006; Andersson & Schoning
2010; Mellström et al. 2015), and a wetter climate is also
inferred from increasing lake-levels and groundwater levels
in southern Sweden (Fig. 6; Digerfeldt 1988; Berglund et al.
1991). According to Widgren (2012), however, this event
had no clear effect on societies and settlements in Sweden,
unlike in the Netherlands where inundation of coastal settle-
ments peaked at 2.8 ka BP, due to a combination of a global
sea-level rise and the 2.8 ka BP event (e.g., van Geel et al.
2020). Lake records in northern Sweden show increased varia-
bility and erosion due to excessive precipitation events
(Berntsson et al. 2015). Temperature-inferred records, how-
ever, show rather stable temperatures between c. 3000 and
2500 cal a BP (Fig. 6; e.g., Antonsson 2006), so it is probable
that the event caused an increased humidity in Sweden, rather
than a cooling of the climate.

The “2.8 ka BP” event was followed by more stable and rela-
tively dry conditions in Scandinavia until c. 1500 cal a BP
(1700-1300 cal a BP) when many records show a more or
less abrupt shift to wetter and colder conditions (Table 5;
Fig. 6). Several other Northern Hemisphere records indicate
cold conditions between c. 1550 and 1135 cal a BP (400–815
CE), often under the term “Dark Ages Cold Period” (DACP;
e.g., Helama et al. 2017). This event also stands out as an
IRD event in the North Atlantic (c. 1400 cal a BP; Bond
et al. 1997). There is, however, no evidence for a synchronous
multi-centennial cold event in the North Atlantic region,
which makes the structure of the DACP similar to the Little
Ice Age (Helama et al. 2017). A cold period, partly overlapping
within DACP was recently invoked, the so-called Late Antique
Little Ice Age (“LALIA”; Büntgen et al. 2016; 536–660 CE;
c. 1414–1290 cal a BP). It was suggested that this cold event,
triggered by three large volcanic eruptions and sustained by
a solar minimum and feedback effects, caused societal reorgan-
isations in Europe and Asia. Archaeological records from
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Sweden suggest land and settlement desertion at this time with
unprecedented farm abandonments (Widgren 2012). The
LALIA event overlaps with the DACP, and a recent review
indicates that the coldest conditions during the DACP (509–
865 CE; c. 1441–1085 cal a BP) partly overlaps with the
LALIA event (Helama et al. 2017). It can be questioned, how-
ever, why the LALIA event was proposed, since the concept of
the Dark Ages Cold Period has been established at least since
the 1980s (Lamb 1977, 1982).

Some of the most detailed and best-dated palaeoclimate
Late Holocene records from Sweden are more in line with a
longer DACP than a shorter LALIA event. Some changes
appear to start before LALIA, e.g., wet shifts in peat records
from Värmland and Halland (1800-1500 cal a BP; e.g., de
Jong et al. 2006; Borgmark & Wastegård 2008), sand drift
events in Dalarna (1570–1410 cal a BP; Alexanderson & Bern-
hardson 2016) and lake oxygen isotopes from Jämtland (c.
1800 cal a BP; Andersson et al. 2010). Other changes occur
after LALIA, such as glacier advances in the Scandes Moun-
tains (1200 cal a BP; Rosqvist et al. 2004), increased lake levels
in Jämtland (1150–1050 cal a BP; Gunnarson 2008), and wet
shifts in the Store Mosse peat bog (1200 cal a BP; Svensson
1988) (Table 5). A delayed response, however, can be
explained by e.g., thresholds in the climate system and
response times of glaciers.

One of the first to describe a climate event in the first mil-
lennium CE was Granlund, who found distinct wet shifts in
several southern Swedish bogs around c. 1600 cal a BP
(RYII; Granlund 1932). His observations were later confirmed
by several peat-based studies in Sweden (de Jong et al. 2006;
Borgmark & Wastegård 2008; Rundgren 2008) but with
dates ranging from c. 1700 to 1300 cal a BP, suggesting a
more complex picture than Granlund’s original concept of
regionally synchronous wet shifts. Granlund dated the recur-
rence surfaces by means of pollen analysis and archaeological
correlation, and many dates were probably imprecise and
overgeneralised. Also bogs on the British Isles show evidence
for increased surface wetness at c. 1400 cal a BP (Blackford
& Chambers 1991).

Several tree-ring records from the northern Hemisphere
show narrow tree-rings at the inception of the LALIA in the
530–540 s CE (e.g., Baillie & Munro 1988; Büntgen et al.
2016), but it does not stand out as an extremely cold period
in Swedish tree-ring records from Torneträsk and Jämtland
(Linderholm & Gunnarson 2005; Grudd 2008). The coldest
conditions during the DACP are reconstructed in the Torne-
träsk area around 650 CE (1300 cal a BP; Grudd 2008). Clearly,
there is a need for more detailed analyses of climate variability
during the first millennium CE (Helama et al. 2017) and how
the DACP and LALIA affected the climate and Late Iron Age
communities in Sweden.

The Medieval Warm Period (MWP; or Medieval Climate
Anomaly) and the Little Ice Age (LIA) are well-known con-
cepts around the North Atlantic region where several records
and proxies show a distinct warm period (MWP; c. 1150-650
cal a BP; c. 800–1300 CE;) followed by colder conditions
(LIA; c. 650–50 cal a BP c. 1300–1900 CE). The most detailed
and best-resolved record of the last millennium’s climate in
Sweden is probably the tree-ring record from Torneträsk,

northern Sweden (Fig. 3). This high-latitude record shows a
clear MWP around 1000 CE (c. 900–1100 CE; 1050–850 cal
a BP), followed by a cooling trend until c. 1900 CE (Grudd
2008).

Other proxy-based reconstructions from the Northern
Hemisphere show a temperature variability on centennial
timescales exceeding 0.6°C over the last 1000 years (e.g.,
Moberg et al. 2005; Ljungqvist 2009). Marcott et al. (2013)
showed that the cooling in the Northern Hemisphere that
started at c. 5000 cal a BP culminated in the coolest tempera-
tures during the LIA some 200 years ago. Proxy records from
Sweden largely confirm this pattern, with a cold and/or wet
DACP followed by a warmer and drier MWP, and a cold but
variable LIA (e.g., Grudd 2008). Proxy-based records often
have a poor resolution to fully capture climate variability on
centennial time-scales, however. This concerns many pollen
and chironomid-inferred temperature records and speleothem
isotope records. Several Swedish glaciers advanced during the
LIA to their maximum Holocene positions, but their positions
during the DACP andMWP are not well known, and it is poss-
ible that Swedish glaciers were contracted during the MWP
similar to many Norwegian glaciers (Nesje et al. 2008).

Historical records suggest that the LIA in Sweden can be
divided into three parts, with the coldest winter conditions
at 1500–1600s and the early 1800s CE, and warmer conditions
in-between (Leijonhufvud et al. 2008; 2010). They also suggest
that the LIA was characterised by highly variable climate con-
ditions (Retsö & Leijonhufvud 2020).

Conclusions

More than 125 years of research have produced a wealth of
information on Holocene climate variability in Sweden. The
main features of Holocene climate variation were already
known in the early part of the 1900s, but later investigations
have provided more detailed information on the timing and
magnitude of climate events. The Blytt–Sernander scheme,
originally developed in the early 1900s by Sernander (1908),
building on Blytt’s studies of Danish peat bogs (Blytt 1876),
is still in use but should be avoided in favour of the new for-
malised tripartite subdivision of the Holocene (Walker et al.
2019). The last decades have seen development of many new
proxies and methods as well as new applications of traditional
methods. Multi-proxy analyses are becoming increasingly
common in palaeoclimatology and many recent examples
from Sweden show that strengths and weaknesses in palaeocli-
mate reconstructions can be identified and assessed. The pre-
sent review, however, shows that several research questions
remain unresolved and need to be addressed in the future:

1. Was the early Holocene climate warming synchronous
over Sweden (and with NW Europe)?

2. Is there evidence in Sweden for other early Holocene
events than the PBO/11.4 and 8.2 ka BP events?

3. How reliable is the varve-based deglaciation chronology
for Sweden (and where are the “missing varves”)?

4. When and where did the last remnants of the Scandina-
vian ice-sheet melt?

5. What characterises the 8.2 ka BP event in Sweden?
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6. When did Swedish glaciers start to reform in the Middle
Holocene (or earlier?)

7. Why was the HTM in southern Sweden delayed in
relation to the summer insolation maximum?

8. When did the HTM come to an end in Sweden, c. 5500 or
4200 cal a BP?

9. Was the 4.2 ka BP event significant in Sweden?
10. Is there a link between Holocene climate events and

human population bottlenecks in Fennoscandia?
11. Which late-Holocene event was most prominent and had

the strongest effect on human societies in Sweden?
12. When did permafrost inception in northern peatlands start

in the LateHolocene, before LIA or at the inception of LIA?
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