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Abstract

The upper treeline of Scots pine (Pinus sylvestris L.) is renowned as a sensitive indicator of climate change 
and variability. By use of megafossil tree remains, preserved exposed on the ground surface, treeline 
shift over the past millennium was investigated at multiple sites along the Scandes in northern Sweden. 
Difference in thermal level between the present and the Medieval period, about AD 1000-1200, is a 
central, although controversial, aspect concerning the detection and attribution of anthropogenic climate 
warming. Radiocarbon-dated megafossil pines revealed that the treeline was consistently positioned as 
much as 115 m higher during the Medieval period than today (AD 2000-2010), after a century of warming 
and substantial treeline upshift. Drawing on the last-mentioned figure, and a lapse rate of 0.6 °C/100 
m, it may be inferred that Medieval summer temperatures were about 0.7 °C warmer than much of the 
past 100 years. Extensive pine mortality and treeline descent after the Medieval warming peak reflect 
substantially depressed temperatures during the Little Ice Age. Warmer-than-present conditions during the 
Medieval period concur with temperature reconstructions from different parts of northern Fennoscandia, 
northwestern Russia and Greenland. Modern warming has not been sufficient to restore Medieval 
treelines. Against this background, there is little reason to view further modest warming as unnatural.
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1 Introduction

The current scientific and public concern 
about future climate change and associated 

geoecological transformations draws on unvalidated 
General Circulation Models (IPCC 2007). Their 
failure to convincingly account for stalling global 
temperature evolution since the late 1990s (Akasofu 
2013; Tollefson 2014) indicates incomplete systemic 
understanding, which argues for  more extensive 
inclusion of robust historical data as a prerequisite 
for realistic modelling of climate evolution and 
associated biological consequences (Humlum et al. 
2011). The importance of putting present-day change 
into a wider temporal context of previous climate 
and ecosystem variation cannot be overstated (cf. 
Zwiers & Hegerl 2008). Ideally, such an effort can be 
accomplished by studying the history of the upper 
treeline, whose natural position and dynamism 
in principle relates to prevailing temperatures 
(Tranquillini 1979; Holtmeier 2003; Körner & Paulsen 
2004). 

The sensitivity of the treeline to climate change is 
empirically demonstrated by broad-scale upshift in 
close association with predominant climate warming 
over the past 100 years in widely different parts of 
the world (e.g. Moiseev & Shiyatov 2003; Lloyd 2005; 
Kullman & Öberg 2009; Harsch et al. 2009; Mazepa 
et al. 2011; Kirdyanov et al. 2012). Treeline rise by 
about 200 m (1915-2007) in the Swedish Scandes, 
as estimated by Kullman & Öberg (2009), is virtually 
what should be expected from recorded summer 
temperature rise by 1.4 °C and assuming a lapse rate 
of 0.6 °C/100 m. Thus, there is compelling evidence 
that the position of the upper treeline performs in 
a sub-centennial-scale dynamic equilibrium with 
climate evolution, indicative also of profound effects 
on high-mountain biota (Kullman 2010a, 2012).                                 

By focusing on elevational treeline change over 
the past 1000 years, an assumedly wide spectrum 
of natural climate variability may be assessed. This 
time span goes from the Medieval Warm Period 
around AD 1000 (Lamb 1982; Ljungqvist et al. 
2012) to the tail of the Little Ice Age about 100 
years ago (Lamb 1982; Grove 1988; Matthews & 
Briffa, 2005). Climate change and variability over 

this entire interval, in particular its possible global 
extent, homogeneity and magnitude, are central 
and somewhat controversial aspects with bearing 
on the current discourse concerning the range and 
impacts of human-induced future climate change 
(Crowley & Lowery 2000; Broecker 2001; Bradley et 
al. 2003; Esper & Frank 2009; Melvin et al. 2012). 
Aside of a political/ideological side (cf. Bradley et 
al. 2003; Esper & Frank 2009), this debate suffers 
from lack of robust paleoclimate methods and 
global coherence of available data. In particular, 
extensively used paleoclimate reconstructions from 
northern Fennoscandia are based on tree-ring data, 
analyzed by different and complex  methods, without 
consideration for sample altitude, which tend to 
underestimate natural climate variability (Lindholm 
et al. 2010; Esper et al. 2012). These efforts have 
yielded conflicting inferences concerning the 
thermal level of the Medieval Warm Period and the 
Little Ice Age in this region as well as globally, relative 
to the past century (Briffa et al. 1990, 1992; Crowley 
2000;  Grudd 2008; Gunnarson et al. 2011; Melvin 
et al. 2012; Kaufmann et al. 2009;  Kobashi et al. 
2011; Ljungqvist et al. 2012). If science cannot agree 
on regional and global climate change over the past 
1000 years and the underlying mechanisms, then it 
would be premature to launch models prescribing 
the course of climate throughout the 21st century.

Against this background, the present paper is a 
regional contribution to the building of a global-scale 
understanding of climate and ecosystem evolution 
over the past millennium. In addition, a paleotreeline 
reconstruction for this particular time slice may 
serve as an analogue for the dynamics and structure 
of high-mountain ecosystem in a potentially warmer 
future. 

Drawing on different lines of proxy data (Hiller et 
al. 2001; Grudd 2008; Kullman 2013; Rinne et al. 
2014), the main hypothesis to be specifically tested 
is that the pine (Pinus sylvestris L.) treeline (defined 
below) in northern Fennoscandia and adjacent 
regions was consistently higher than present (AD 
2000-2010) about AD 1000-1200 (Medieval Warm 
Period). Thereafter it is assumed to have declined 
substantially in concert with Little Ice Age climate 
cooling.
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2 Study area and modern treeline zonation 
patterns

and 1000 m a.s.l. in the south. As a rule, the ground 
cover around the pine treeline is dwarf-shrub heath, 
with Empetrum hermaphroditum, Betula nana and 
Calluna vulgaris as dominating species, sometimes 
intermixed with reindeer lichens (Cladina spp.). In 
contrast to the upper limit of closed pine stands, the 
treeline is insignificantly altered by past and present 
land use or fire (Kullman 1981; Kjällgren & Kullman 
2002). Since the first decade of the 20th century, 
the pine treeline has shifted upslope by a maximum 
of about 200 m (Fig. 2), in concert with a summer 
warming trend of 1.4 °C (Kullman & Öberg 2009).

Sampling spans a latitudinal range (68°24´N - 
62°03´E) covering virtually the entire north-south 

extension of the Scandes in Sweden, between the 
provinces of Lapland, in the north, and Dalarna, in 
the south (Fig. 1). The valleys and mountain sides 
are covered with an upper subalpine forest belt 
and a treeline of mountain birch (Betula pubescens 
ssp. czerepanovii) adjacent to the alpine tundra. 
With great local variations, scattered specimens of 
Norway spruce (Picea abies) and Scots pine (Pinus 
sylvestris) form their respective treelines, around 
100 and 50 m below that of the mountain birch and 
usually as outliers within the birch belt (Kjällgren & 
Kullman 2002). The present-day (2010-2013) local 
treelines of pine, set by the uppermost trees > 2 m 
tall (Fig 2), grade between c. 500 m a.s.l. in the north 

 
Figure 1: Location map showing the positions of the 
sampling sites along the Scandes in the northern half of 

Sweden. Numbers refer to Table 1.

Figure 2: Present and past pine treeline of Mt. 
Djupgravstöten (province of Dalarna). A. Pine trees 
established in the late 1920s and representing treeline 
advance by 120 m in elevation. B. The early-20th century 
treeline, reconstructed at the present-day, in the form of 
and old-growth stout pine. Photo: Leif Kullman 27 June, 

2013.

 

3 Methods

It is widely recognized that treeline positions 
primarily relate to summer temperature (e.g. 

Körner and Paulsen, 2004). Thus, shifts in treeline 
elevations are used in this study as proxy indicators 
of low-frequency paleoclimate history (cf. Karlén 
& Kuylenstierna 1996; Tinner & Kaltenrieder 2005; 
Kirdyanov et al. 2012; Kullman 2013), drawing on a 
conventional temperature lapse rate of 0.6 ºC per 
100 m in altitude (Laaksonen 1976). However, the 
discontinuous nature of megafossil records precludes 
high-resolution time series. A particular caveat 
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associated with historical treeline reconstructions 
based on megafossils is that any record represents a 
minimum elevation constraint for the contemporary 
treeline position. Another complication, according 
to conservative generalizations based on ring counts, 
is that large treeline pines may attain individual 
ages of 700-800 years, but usually somewhat less 
(Bartholin & Karlén 1983; Engelmark & Hofgaard 
1985; Kullman 1994). This implies that radiocarbon-
dating may yield widely different ages, depending on 
which part of a trunk that is dated. In most of the 
present cases, only the outhermost and youngest 
parts were available for dating. Thus, the obtained 
ages are likely to post-date the establishment phase 
by some hundred years. 

Primarily, this study is based on analyses of 
radiocarbon-dated megafossil remnants of Scots 
pine (Pinus sylvestris L.), identified within a zone 100-
115 m above the modern (AD 2013) treeline along 
the entire Swedish Scandes. Megafossils refer to 
remains of trunks of formerly tree-sized specimens, 
which are found very close to their growing sites. 
Specimens lying more or less exposed on dry ground 
were specifically sampled, since this category of 
remnants is experienced to yield dates within the 
time interval concerned in this study (Bartholin and 
Karlén 1983; Kullman 2013). 

The upper treeline (both past and present) is a 
central aspect of this study and is defined as the 
extreme elevation of erect pine trees, more than 2 
m in height. For further elaboration of this concept 
and its ecological correlates, see Kullman (2010b).

As a complement to the study of upper pine treelines, 
“inverted” treelines (cf. Holtmeier 2003) against 
treeless subalpine heaths in valley bottoms, were 
scrutinized for the presence of megafossils. These 
conspicuous elements of the mountain landscape 
are characterized by a dense pattern of cryogenic 
non-sorted circles and underlying permafrost. The 
nature and genesis of these treelines and their 
relations and responses to climate and climate 
change are debated (Josefsson 1988; Becher et 
al. 2013). It is hypothesized here that their late 
Holocene performance mirrors that of the upper 
treeline as climate-driven components of the cold-
marginal landscape. 

Eye-witness accounts of stand-level demise near and 
in a zone below the treeline, during the final phase of 
the Little Ice Age, i.e. 19th and early 20th century, was 
obtained from systematic survey of contemporary 
geobotanical literature and itineraries.

Radiocarbon dating was performed by Beta Analytic 
Inc., Miami (USA). Radiocarbon ages are calibrated 
to calendar years before present (cal yr BP), with 
“present” = 1950 AD. Calibration was conducted 
by use of the INTCAL09 database (Reimer et al. 
2009). In the text, the calibrated ages are quoted 
as the intercept values of radiocarbon ages with 
the calibration curve. Dating was carried out after 
pretreatment with standard laboratory procedures, 
including acid/alkali/acid wash. 

Species identification of the recovered megafossils 
was unambiguous, due to remaining bark 
fragments. Altitudes (m a.s.l.) and geographical 
coordinates for the sites of all retrieved tree remains 
were obtained by a GPS navigator (Garmin 60CS), 
repeatedly calibrated against distinct points on the 
topographical map. Reported altitudes are rounded 
off to the nearest 5 m. 

4 Results

A total of 37 pine megafossils, meeting the 
prescribed criteria, were recovered within the 

focused elevation band. Of these, a subsample 
of 13 specimens was dated, embracing the entire 
extent of the Swedish Scandes from north to south 
(Fig. 1.). It is virtually unknown whether these tree 
remains represent widely scattered trees or more 
dense stands. In some districts, however, wood of 
this kind has been systematically gathered by local 
residents for fire wood (e.g. Bartholin and Karlén, 
1983). This circumstance could argue for stands 
denser than indicated by the current sparse spacing 
of megafossils exposed on the ground surface. 

Both Medieval and present-day treeline positions 
display a strong rising tendency, north to south, in the 
study region, as expected for a treeline, constrained 
by macroclimatic heat deficiency (Cogbill & White 
1991; Kjällgren & Kullman 2002; Holtmeier 2003).
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The obtained dates illustrate that higher-than-
present treelines prevailed between AD 1050 and 
1650, with an overweight in the record at the mid 
of this interval (Table 1, Figs. 3, 4). By the early 14th 
and early 15th century, the treeline peaked 100- 
120 m above the present position. Given a modal 
pine life-expectancy of 400-500 years (see above), 
it is reasonable to assume that the dated pines 
became established during the Medieval period, 
AD 1000-1300. This inference is supported by the 
heavily decayed nature of most specimens (Fig. 3). 

 

Figure 3: Examples of dated pine megafossils recovered 
above the current treeline. Numbers refer to Table1. 
A. Njulla (1). B. Dalfàlcorru (3), C. Njerubäuive (5). D. 

Tjallingklumpen (8), F. Täljstensvalen (6).

Figure 4: Radiocarbon-dates (intercept values) of all 
recovered pine megafossils and their relations to present-

day altitude (m a.s.l.) of the pine treeline.

Table 1: Radiocarbon dates of megafossil pine tree remains and their altitudes relative to the present-day 
(2013) treeline at the respective locality.

 

Age Cal yr AD Cal yr AD Sample altitude Treeline 2013 Relative Locality (no.) Coordinates N lat.;
(14C yr BP) 2δ Mid-point 2δ (m a.s.l.) (m a.s.l.) altitude (m) E long.

270±30 1510-1750 1630 580 510 70 Njulla (1) 68 °21.829´; 18° 44.780´
710±30 1270-1290 1280 610 510 100 Slåttatjåkka (2) 68 °20.435´; 18° 42.971´
370±30 1450-1520 1485 585 510 75 Slåttatjåkka (2) 68° 20.209´; 18° 42.649´
480±30 1410-1440 1425 685 570 115 Darfálčorru (3) 67° 52.072´; 18° 38.147´
720±30 1260-1295 1280 680 570 110 Kebnetjåkka (4) 67° 52.041´; 18° 40.147´
320±30 1470-1650 1560 630 570 60 Kebnetjåkka (4) 67° 51.945´; 18° 37.057´
490±30 1410-1445 1430 720 690 30 Njereubäive (5) 65° 45.972´; 15° 20.790´
850±60 1030-1280 1155 770 760 10 Täljstensvalen (6) 63° 14.568´; 12° 27.564´
380±30 1440-1610 1525 870 835 35 Laptentjakke (7) 63° 08.351´; 12° 25.002´
410±30 1440-1510 1475 870 805 65 Tjallingklumpen (8) 63° 05.089´; 12° 28.158´
1000±70 900-1200 1050 780 760 20 N. Tväråklumpen (9) 63° 12.272´; 12° 22.151´
720±30 1260-1290 1275 1015 950 65 Ö. Barfredhågna (10) 62° 03.709´; 12° 24.447´
390±30 1440-1630 1535 1000 950 50 Ö. Barfredhågna (11) 62° 03.654´; 12° 24.277´  
300±30 1490-1650 1570 1010 990 20 Djupgravstöten (12) 62° 03.187´; 12° 28.021´
830±30 1160-1260 1210 360 510 -150 Abisko-heath (13) 68° 21.527´; 18° 48.706´
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Following this period, trees died consistently during 
subsequent centuries, particularly during the 14th 
century, and virtually without producing offspring, 
which could attain tree-size and preservation until 
the present. The overall outcome of this course 
was a general treeline lowering to a position, 2013 
on average 60 m (range 10 - 115 m) lower than 
during the Medieval Period. Analogously, this study 
revealed a pine megafossil emerging by frost heave 
in the center of a non-sorted polygon, in a treeless 
subalpine heath (inverted treeline) well below 
the upper upper pine treeline (Fig. 5, Table 1). 
Radiocarbon-dating yielded an age of AD 1220 and a 
presumed establishment during the12th century or 
even earlier.

Age and somewhat earlier. A preponderance of 
dead and dying trees, in combination with virtual no 
regeneration, is stressed in most of the reports. In 
many cases, a colder climate was explicitly assumed 
to be the primary reason. 

Swedish forest authorities were well aware of the 
situation and feared an imminent and widespread 
alpine tundra expansion over high-lying forest 
regions, which prompted implementation of 
restrictive legislation concerning logging in marginal 
forests (Andersson 1906). An expression of the dire 
situation was that one of the first national parks in 
the Swedish Mountains, Sonfjället, was established 
(1909) with the outspoken purpose to create 
an arena for scientific study of ongoing treeline 
descent (Öberg 2009). Still today, large pine snags, 
reasonably representing Little Ice Age mortality and 
slow demise, following a more favourable climatic 
situation than present, are met with in the alpine 
tundra or upper sparse mountain birch forest of this 
national park and other districts (Fig. 6).

 
Figure 5: Subalpine heath with non-sorted circles close to 
Lake Torneträsk by Abisko in northern Lapland. Near the 
centre of the circle, s small megafossil pine remnant is 
exposed by frost heave. Radiocarbon-dating yielded AD 

1220: Photo Leif Kullman, 14 September 2013.

Fig. 6. Pine snag with more than 500 tree-rings and which 
obviously died during the Little Ice Age. Today, living pines 
of this dimension do not exist, neither at this elevation 
nor at the current treeline. Mt. Sonfjället, 875 m a.s.l. 

Photo: Leif Kullman, 10 June 2008.

 

5 Literature survey

Appendix I is a list of 33 published papers from 
northern Sweden and adjacent regions of Finland 

and Norway, which quite unanimously account for 
treeline and upper forest demise and elevational 
retraction during the final phase of the Little Ice 
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6 Discussion

The relative small number of dated megafossils 
precludes any detailed discussion and regional 

differentiation of the obtained results.

Consistently for the entire range of the Swedish 
Scandes, the pine treeline, represented by the dated 
megafossils, was significantly higher than present 
during the Medieval period, although declining in 
altitude throughout the subsequent Little Ice Age. 
Over the latter epoch, the uppermost pine trees died 
commonly and the final of this protracted process 
could be witnessed about 100 years ago, as explicitly 
evident from the literature survey. Assuming that 
most of the dated pines had become established 200-
300 years prior to the assigned death year (Table 1) 
(cf. Karlén 1996) makes it reasonable to assume that 
the majority of the demised trees had originated 
from the Medieval period around AD 1000-1300. 
Thus, the altitude (m a.s.l.) of the uppermost 
radiocarbon-dated pines is tentatively taken as 
a minimum elevation for the Medieval treeline. 
Presumably, pine trees may have prevailed at even 
higher elevations without leaving visible traces. 
The climatic favourability of this period is further 
indicated by concurrent pine growth in treeless 
environments (inverted treeline), 150 m below the 
upper pine treeline, currently characterized by non-
sorted polygons and permafrost and totally devoid 
of pines and tree birches. 

Obviously the Medieval epoch offered the most 
conducive climate for high-elevation pine tree growth 
and regeneration during the past 1000 years or so. 
Summer climate warming by c. 1.4 °C and common 
regional treeline rise since the early 20th century 
(Kullman & Öberg 2009) has not been enough to 
push the treeline the whole way everywhere back to 
its Medieval position (Kullman 2013, 2014).

Since the present-day treeline has  been shifted 
upslope in near-equilibrium with 20th century 
climate warming along the Swedish Scandes 
(Kullman & Öberg 2009; Öberg & Kullman 2011), it 
is reasonable to assume that modern treelines are 
in a dynamic near-equilibrium with the prevailing 
climate. Thus, there is no substantial lag in the sense 

that the present-day treeline should be located far 
below its potential position. This responsiveness is 
a prerequisite for accurate summer temperature 
reconstructions concerning the difference between 
Medieval and modern summer temperatures.

As indicated above, the field-sampling procedure 
tends to yield minimum values of past treeline 
elevations. Moreover, the Medieval treeline position 
may be underestimated since relatively small and 
young trees representing short-term warming 
spikes have possibly not been preserved until the 
present. Therefore, and for the purpose of climate 
reconstruction, the largest recorded difference 
between Medieval and present treeline is used, 
i.e. 115 m. By drawing on a lapse rate of 0.6 °C per 
100, a Medieval period, at least 0.7°C warmer than 
the past few decades may be computed. A similar 
magnitude of change is inferred from treeline and 
dendroecological studies at a site in the central 
Scandes (Linderholm et al. 2014).

Extensive tree mortality and poor regeneration 
in high mountain forests and treeline ecotones 
during the Little Ice Age, contrasting with a period 
of higher-than-present treeline and summer 
temperature around 1000 years ago, is inferred 
from megafossil case studies in different parts of 
northern Fennoscandia and northwestern Russia 
(Kullman 1987, 2005; Selsing 1991; Shiyatov 1993, 
2003; Karlén & Kuylenstierna, 1996; Kremenetski et 
al. 2004; Hiller et al. 2001; Mazepa 2005; 2011; Kulti 
et al. 2006; Kharuk et al. 2013). Further support  for 
the regional coherence of the view outlined above 
comes from dendroecological and multi-proxy 
studies carried out in the same region, including 
Greenland (Maasch et al. 2005; MacDonald et al. 
2008; Shemesh et al. 2001; Grudd 2008; Lindholm 
et al. 2010; Vinter et al. 2010; Hanhijarvi et al. 2013; 
Rinne et al. 2014; Linderholm et al. 2014). Certain 
multi-proxy studies do recognize the Medieval Warm 
Period, but do not find it distinctly warmer than the 
past few decades (e.g. Moberg et al. 2005; Loehle 
2007; Melvin et al. 2012; McCarrol et al. 2013; Briffa 
et al. 2013).

It may appear from Table 1 that treeline recession 
throughout the Little Ice Age was substantially 
larger in the northernmost part of the study 
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area than in more southerly regions. Aside of 
regionally somewhat different climate histories, this 
discrepancy may relate to a more snow rich climate 
in the north, which has specifically counteracted 
pine treeline expansion in this region (Kullman & 
Öberg 2009; Kullman 2010).

Positional treeline change is an indicator of a 
fundamental reorganization of the entire ecosystem 
(Fagre et al. 2003; Kullman 2007; Behringer 
2010). Thus, higher-than-present treelines and 
temperatures for some centuries around AD 1000 
could imply a generally biologically richer and 
more productive subalpine /alpine landscape at 
that time, which was gradually pauperized and 
structurally eroded during the Little Ice Age. The 
modest warming of the past century may have 
initiated a reversal of this process (Kullman 2010a, 
2012), but the structure and composition of the 
Medieval biological landscape has not been fully 
re-established, as evidenced in widely different 
parts of the northern hemisphere (Payette 2007; 
MacDonald 2010; Kullman 2014).

In perspective of the late Holocene, there is nothing 
particularly unnatural, unprecedented or alarming 
about the modern warming and associated 
ecological change in high mountain Fennoscandia 
and adjacent northern regions (cf. Kobashi et al. 
2011; Kullman 2013).

7 Conclusions

Radiocarbon-dated megafossil remains of Scots 
pine (Pinus sylvestris L.) were systematically 

searched for and recovered on the ground surface 
well above the present-day treeline along the entire 
Swedish Scandes. These findings reveal that the 
treeline was positioned as much as 115 m higher 
than today during the apogee of the Medieval 
period, about AD 1000-1200.

Since treeline positions and their dynamics are 
mainly constrained by temperature deficiency, the 
obtained elevational difference of 115 m implies that 
summer temperatures, for purely natural reasons, 
were about 0.7 °C higher than present during the 

Medieval period. This inference is consistent with 
data from various parts of the northern hemisphere.

Climate warming over the past century has not yet 
been sufficient to restore the pine treeline to its 
Medieval level.

Given the obtained range of treeline change and 
inferred associated climate change over the past 
1000 years, there is little to view the rate of extent 
of global warming as unnatural.

References

Akasofu, S.-I. 2013: On the present halting of global 
warming. Climate 1, 4-11.

Andersson, G. 1906: Förslaget till skyddsskogar inom 
Jämtlands län. Skogsvårdsföreningens Tidskrift 3, 
57-84.

Bartholin, T. & Karlén, W. 1983: Dendrokronologii 
Lapland. Dendrokronologiska Sällskapet 
Meddelanden 5, 1-16.

Becher, M., Olid, C. & Klaminder, J. 2013: Buried soil 
organic inclusions in non-sorted circles fields in 
northern Sweden: Age and paleoclimatic context.  
Journal of Geophysical Research: Biogeosciences 
118° (11), 104-111.

Behringer, W.  2010: A cultural history of climate. 
280 pp. Polity Press, London.

Bradley, R.S., Hughes, M.K. & Diaz, H.F. 2003: Climate 
in Medieval Time. Science 302, 404-405.

Briffa, K.R., Bartholin, T.S., Eckstein, D., Jones, P.D., 
Karlén, W., Schweingruber, F.H. & Zetterberg, P. 
1990: A 1,400 year tree-ring record of summer 
temperatures in Fennoscandia. Nature 346, 434-
439.



LANDSCAPE ONLINE 42:1-14 (2015), DOI 10.3097/LO.201542

ISSN 1865-1542  -  www.landscape-online.de  
Official Journal of the International Association for Landscape Ecology – Regional Chapter Germany (IALE-D)

Page 9

Titel...

Briffa, K., Jones, P.D., Bartholin, T.S., Eckstein, D., 
Schweingruber, F.H., Karlén, W., Zetterberg, P. & 
Eronen, M. 1992: Fennoscandian summers from 
AD 500: temperature changes on short and long 
timescales. Climate Dynamics 7: 111-119.

Briffa, K.R., Melvin, T.M, Osborn, T.J., Hantemirov, 
R.M., Kirdyanov, A., Mazepa, V., Shiyatov, S.G. & 
Esper, J. 2013: Reassessing the evidence for tree-
growth and inferred temperature change during 
the Common Era in Yamalia, northwest Siberia. 
Quaternary Science Reviews 72, 83-1007.

Broecker,W.S. 2001: Was the Medieval Warm Period 
global? Science 291, 1497-1499.

Crowley, T.J. 2000: Causes of climate change over 
the past 1000 years.  Science 289, 270-277.

Crowley, T.J. & Lowery, T.S. 2000: How warm was the 
Medieval Warm Period? Ambio 29, 51-54.

Engelmark, O. & Hofgaard A. 1985: Sveriges äldsta 
tall. Svensk Botanisk Tidskrift 79, 415-416.

Esper, J. & Frank, D.C. 2009: IPCC on a heterogeneous 
Medieval Warm Period. Climatic Change 94, 267-
273.

Esper, J., Frank, D.C., Tomonen, M., Zorita, E., Wilson, 
R.J.S., Luterbacher, J., Holzkämper, S., Fischer, N., 
Wagner, S., Nievergelt, D., Verstege, A. & Büntgen, 
U. 2012: Orbital forcing of tree-ring data. Nature 
Climate Change 2, 862-866.

Fagre, D.B., Peterson, D.L. & Hessl, A.E. 2003: Taking 
the pulse of mountains: ecosystem responses to 
climatic variability. Climatic Change 59, 263-282.

Grove, J.M., 1988: The Little Ice Age. 498 pp. 
Methuen, New York. 

Grudd, H. 2008: Torneträsk tree-ring width and 
density AD 500-2004: A test of climatic sensitivity 
and a new 1500-year reconstruction of north 
Fennoscandian summers. Climate Dynamics 31, 
843-857.

Gunnarson, B.E., Linderholm, H.W. & Moberg, A. 
2011: Improving a tree-ring reconstruction from 
west-central Scandinavia: 900 years of warm-
season temperatures. Climate Dynamics 36, 97-
108.

Hanhijarvi, S., Tingley, M.P. & Korhola, A. 2013: 
Pairwise comparisons to reconstruct mean 
temperature in the Arctic Atlantic Region over 
the last 2,000 years. Climate Dynamics 41, 2039-
2060.

Harsch, M., Hulme, P., McGlove, M. & Duncan, R. 
2009: Are tree lines advancing? A global meta-
analysis of tree line response to climate warming. 
Ecology Letters 12, 10140-1049

Hiller, A., Boettger, T. & Kremenetski, K. 2001: 
Mediaeval climate warming recorded by 
radiocarbon dated alpine tree-line shift on the 
Kola Peninsula, Russia. The Holocene 11: 491-497.

Holtmeier, F.-K. 2003: Mountain timberlines: ecology, 
patchiness, and dynamics. 437 pp. Kluwer 
Academic Publishers, Dordrecht.

Hughes, M.K. & Diaz, H.F. 1994: Was there a 
“Medieval Warm Period”, and if so, where and 
when? Climatic Change 26, 109-142.

Humlum, O., Solheim, J.-E. & Stordahl, K. 2011: 
Identifying natural contributions to late Holocene 
climate change. Global and Planetary Change 79, 
145-156.

IPCC 2007: Climate Change 2007. The Physical 
Science Basis. 996 pp. Cambridge University 
Press, Cambridge.



LANDSCAPE ONLINE 42:1-14 (2015), DOI 10.3097/LO.201542

ISSN 1865-1542  -  www.landscape-online.de  
Official Journal of the International Association for Landscape Ecology – Regional Chapter Germany (IALE-D)

Page 10

Titel...

Josefsson, M. 1990: Ground temperature variations 
in a subarctic mountain valley, Abisko, northern 
Sweden. Geografiska Annaler 72A, 172-190.

Karlén, W. & Kuylenstierna, J. 1996: On solar forcing 
of Holocene climate: evidence from Scandinavia. 
The Holocene 6, 359-365.

Kaufmann, D.S., Schneider, D.P., McKay, N.P. & 8 
others 2009: Recent warming reverses long-term 
Arctic cooling. Science 325, 1236-1239.

Kharuk, V.I., Ranson, K.J., Im, S.T., Oskorbin, P.A., 
Dvinskaya, M.L. & Ovchinnikov, D.V. 2013: Tree-
line structure and dynamics at the northern limit 
of larch forest: Anabar Plateau, Siberia, Russia. 
Arctic, Antarctic, and Alpine Research 45, 526-
537.

Kirdyanov, A.V., Hagedorn, F., Knorre, A., Fedotova, 
E.V., Vaganov, E.A., Naurzbaev, M.M., Moiseev, 
P.A. & Rigling, A. 2012: 20th century tree-line 
advance and vegetation changes along an 
altitudinal transect in the Putorana Mountains, 
northern Siberia. Boreas 41, 56-67.

Kjällgren, L. & Kullman, L. 2002: Geographical 
patterns of tree-limits of Norway spruce and 
Scots pine in the southern Swedish Scandes. 
Norwegian Journal of Geography 56, 237-245.

Kobashi, T., Kawamura, K., Severighaus, J.P., 
Barnola, J.-M., Nakaegawa, T., Vinther, B.M., 
Johnsen, S.J. & Box, J.E., 2011: High variability 
of Greenland surface temperatures over the 
past 4000 year estimated from trapped air in an 
ice core. Geophysical Research Letters 38, doi 
10.1029/2011GL049444.

Körner, C. & Paulsen, J. 2004: A world-wide study of 
high altitude treeline temperatures. Journal of 
Biogeography 31, 713-732.

Kremenetski, K.V., Boettger, T., MacDonald, G.M., 
Vaschalova, T., Sulerzhitsky, L. & Hiller, A. 2004: 
Medieval climate warming and aridity as indicated 

by multiproxy evidence from the Kola Peninsula, 
Russia. Palaeogeography, Palaeoclimatology, 
Palaeoecology 209, 113-125. 

Kullman, L. 1981. Recent tree-limit dynamics of Scots 
pine (Pinus sylvestris L.) in the southern Swedish 
Scandes. Wahlenbergia 8, 1-67.

Kullman, L. 1987: Little Ice Age decline of a cold 
marginal Pinus sylvestris forest in the Swedish 
Scandes. New Phytologist 106, 567-584.

Kullman, L. 2005: Pine (Pinus sylvestris) treeline 
dynamics during the past millennium – a 
population study in west-central Sweden. Annales 
Botanici Fennici 42, 95-106.

Kullman, L. 2007: Long-term geobotanical 
observations of climate change impacts in the 
Scandes of west-central Sweden. Nordic Journal 
of Botany 24, 445-467.

Kullman, L. 2010a: A richer, greener and smaller 
alpine world – review and projection of warming-
induced plant cover change in the Swedish 
Scandes. Ambio 39, 159-169.

Kullman, L. 2010b: One century of treeline change 
and stability - experiences from the Swedish 
Scandes. Landscape Online 17, 1-31.

Kullman, L. 2012: The alpine treeline ecotone in the 
southernmost Swedish Scandes. In Myster, R.W. 
(ed.), Ecotones between forest and grassland. 
New York: Springer, 271-298.

Kullman, L. 2013: Ecological tree line history and 
palaeoclimate – review of megafossil evidence 
from the Swedish Scandes. Boreas 42, 555-567.

Kullman, L. 2014. Treeline (Pinus sylvestris) landscape 
evolution in the Swedish Scandes – A forty-year 
demographic effort viewed in a broader temporal 
context. Norwegian Journal of Geography 68, 
155-167.



LANDSCAPE ONLINE 42:1-14 (2015), DOI 10.3097/LO.201542

ISSN 1865-1542  -  www.landscape-online.de  
Official Journal of the International Association for Landscape Ecology – Regional Chapter Germany (IALE-D)

Page 11

Titel...

Kullman, L. & Öberg, L. 2009: Post-Little Ice Age tree 
line rise and climate warming in the Swedish 
Scandes – a landscape-scale perspective. Journal 
of Ecology 97, 415-429.

Kulti, S., Mikkola, K., Virtanen, T., Timonen, M. & 
Eronen, M. 2006: Past changes in the Scots pine 
forest line and climate in Finnish Lapland: a study 
based on megafossils, lake sediments, and GIS-
based vegetation and climate data. The Holocene 
16, 381-391.

Laaksonen, K. 1976: The dependence of mean 
air temperatures upon latitude and altitude in 
Fennoscandia. Annales Academiae Scientiarum 
Fennicae A3 199, 1-19.

Lamb, H.H., 1982: Climate history and the modern 
world. , London: Methuen, 387 pp.

Linderholm, H.W., Zhang, P., Gunnarson, B.E., 
Björklund, J., Farahat, E. , Fuentes, M., Rocha, E., 
Salo, R., Settigen, K., Stridbeck, P. & Liu, Y. 2014:  
Growth dynamics of treeline and lake-shore Scots 
pine (Pinus sylvestris L.) in the central Scandinavian 
Mountains during the Medieval climatic Anomaly 
and the early Little Ice Age. Frontiers in Ecology 
and Evolution 22, 1-11.

Lindholm, M., Jalkanen, R., Salminen, H., Aalto, T. & 
Oguitsov, M. 2010: The height-increment record 
of summer temperature extended over the last 
millennium in Fennoscandia. The Holocene 21, 
319-326.

Ljungqvist, F.C., Krusic, P.J., Brattström, G. & 
Sundqvist, H.S. 2012: Northern Hemisphere 
temperature patterns in the last 12 centuries. 
Climate of the Past 8, 227-249.

Loehle, C. 2007: A 2000-year global temperature 
reconstruction based on non-treering proxies. 
Energy & Environment 18, 1049-1058.

Lloyd, A.H. 2005: Ecological histories from Alaskan 
tree lines provide insight into future change. 
Ecology 86, 1687-1695.

Luetscher, M., Borreguero, M., Moseley, G.E., Spötl, C. 
& Edwards, R.L., 2013: Alpine permafrost thawing 
during the Medieval Warm period identified from 
cryogenic cave carbonates. Cryosphere 7, 1073-
1081.

Maasch, K.A., Mayewski, P.A., Rohling, E.J., Stager, 
J.C., Karlén, W., Meeker, L.D. & Meyerson. B.A. 
2005: A 2000-year context for modern climate 
change. Geografiska Annaler 87A, 7-15.

MacDonald, G., Kremenetski, K.V. & Beilman, D.W. 
2008: Climate change and the northern Russian 
treeline zone. Philosophical Transactions of the 
Royal Society B 363, 2285-2299.

MacDonald, G.M. 2010: Some Holocene 
palaeoclimatic and palaeoenvironmental 
perspectives on Arctic and Subarctic climate 
warming and the IPCC 4th assessment report. 
Journal of Quaternary Science 25, 39-47.

Mazepa, V.S. 2005: Stand density in the last 
millennium at the upper tree-line ecotone in the 
Polar Ural Mountains. Canadian Journal of Forest 
Research 35, 2082-2091.

Mazepa, V., Shiyatov, S., & Devi, N., 2011: Climate-
driven change of stand age structure in the Polar 
Ural Mountains. In Bianco, J. (ed.): Geophysical 
foundations and ecological effects, 377-402. 
InTech, Rijeke.

McCarrol, D., Loader, N.J., Jalkanen, R. & 14 others 
2013: A 1200-year multiproxy record of tree 
growth and summer temperature at the northern 
pine forest limit of Europe. The Holocen 23, 471-
482.

Matthews, J.A. & Briffa, K.R. 2005: The Little Ice Age: 
Re-evaluation of an evolving concept. Geografiska 
Annaler 87A, 17-36.



LANDSCAPE ONLINE 42:1-14 (2015), DOI 10.3097/LO.201542

ISSN 1865-1542  -  www.landscape-online.de  
Official Journal of the International Association for Landscape Ecology – Regional Chapter Germany (IALE-D)

Page 12

Titel...

Melvin, T.M., Grudd, H. & Briffa, K.R. 2012: Potential 
bias in ”updating” tree ring chronologies using 
regional curve standardisation: Re-processing 
1500 years of Torneträsk density and ring-width 
data. The Holocene 23, 364-373.

Moberg, A., Sonechkin, D.M., Holmgren, K., Datsenko, 
N.M. & Karlén, W. 2005: Highly variable Northern 
hemisphere temperatures reconstructed from 
low- and high-resolution proxy data. Nature 433, 
613-617.

Moiseev, P. A. & Shiyatov, S. G., 2003: Vegetation 
dynamics at the treeline ecotone in the Ural 
highlands, Russia. In Nagy, L., Grabherr, G., Körner, 
C. & Thompson, D.B.A. (eds.), Alpine biodiversity 
in Europe - A Europe-wide assessment of biological 
richness and change, 423-435. Springer, Berlin.

Payette, S. 2007: Contrasted dynamics of northern 
Labrador tree lines caused by climate change and 
migrational lag. Ecology 88, 770-780. 

Öberg, L., 2009: The heart of Härjedalen. Sonfjället. 
National park since 1909. Jamtli Förlag, Östersund, 
168 pp.

Öberg, L. & Kullman, L. 2011: Recent glacier recession 
– a new source of postglacial treeline and climate 
history in the Swedish Scandes. Landscape Online 
26, 1-38.                                  

Reimer, P.J. & 27 others, 2009: INTCAL09 and 
MARINE09 radiocarbon age calibration curves, 
0-50,000 years cal BP. Radiocarbon 51, 1111-
1150.

Rinne, J., Alestalo, M. & Miettinen, A. 2014: A 
70-80 year periodicity identified from tree 
ring temperatures AD 550-1980 in Northern 
Scandinavia. Global and Planetary Change 116, 
149-155.

 Selsing, L., Foldøy, O., Løken, T., Pedersen, E. & 
Wishman, E. 1991: A preliminary history of the 
Little Ice Age in a mountain area in SW Norway. 
Norsk Geologisk Tidsskrift 71, 223-228.

Shemesh, A., Rosqvist, G., Rietti-Shati, M., 
Rubensdotter, L., Bigler, C., Yam, R. & Karlén, 
W. 2001: Holocene climatic change in Swedish 
Lapland inferred from an oxygen-isotope record 
of lacustrine biogenic silica. The Holocene 11, 
447-454.

Shiyatov, S.G. 1993: The upper timberline dynamics 
during the last 1100 years in the Polar Ural 
Mountains. Paläoklimaforschung  9, 195-203.

Shiyatov, S.G. 2003: Rates of change in the upper 
treeline ecotone in the Polar Ural Mountains. 
Pages News 11, 6-8.

Tinner, W. & Kaltenrieder, P. 2005: Rapid responses 
of high-mountain vegetation to early Holocene 
environmental changes in the Swiss Alps. Journal 
of Ecology 93, 936-947.

Tollefsson, J. 2014: The case of the missing heat. 
Nature 505, 276-278.

Tranquillini, W. 1979: Physiological ecology of the 
alpine timberline. 137 pp. Springer-Verlag, Berlin. 

Vinther, B.M., Jones, P.D., Briffa, K.R., Clausen, 
H.B., Andersen, K.K., Dahl-Jensen, D. & Johnsen, 
S.J. 2010: Climatic signals in multiple highly 
resolved stable isotope records from Greenland. 
Quaternary Science Reviews 29, 522-538.

Zwiers, F. & Hegerl. G. 2008: Attributing cause and 
effect. Nature 453, 296-297.



LANDSCAPE ONLINE 42:1-14 (2015), DOI 10.3097/LO.201542

ISSN 1865-1542  -  www.landscape-online.de  
Official Journal of the International Association for Landscape Ecology – Regional Chapter Germany (IALE-D)

Page 13

Titel...

Holmgren, A. 1904: Skogsbiologiska studier inom 
Arjepluogs och Jokkmokks lappmarker. Sveriges 
Skogsvårdsförbunds Tidskrift 1904, 1-22.

Kellgren, A.G. 1891: Om de skogsbildande trädens 
utbredning i Dalarnes fjälltrakter. Botaniska Notiser 
1891, 182-186.

Kellgren, A.G. 1893: Några observationer öfver 
trädgränserna i våra sydliga fjälltrakter. Öfversigt af 
Kongl. Vetenskaps-Akademiens Förhandlingar 1893, 
249-262.

Kellgren, A.G. 1895: Flyttar barrskogsgränsen nedåt? 
Landtmannen 6, 315-316.

Kranck, H. 1909: Tallformationerna i Finland. 
Meddelanden från Geografiska Föreningen i Finland 
8, 1-59.

Marelius, N. 1771: Fortsättning om land- och Fjäll-
ryggarne samt Gränsen mellan Sverige och Norrige. 
Kongliga Vetenskapskapsacademiens Handlingar för 
år 1771 31, 11-52.

Näsström, G. 1925: Glimtar från 1740-talets Jämtland 
och Härjedalen. Fornvårdaren 1, 88-112.

Nilsson, A. 1897: Om Norrbottens växtlighet 
med särskild hänsyn till dess skogar. Tidskrift för 
Skogshushållning 25, 139-153.

Nilsson, A. & Norling, K.G. 1895: Skogsundersökningar 
i Norrland och Dalarne sommaren 1894. Bihang till 
Kungliga Domänstyrelsens Underdåninga Berättelse. 
Stockholm.

Nissen, K. 1945: Et brev från Lars Levi Laestadius 
om vegetasjonens tilbakegang på grunn av 
klimaforverring. Blyttia 3, 38-42.                                    

Nordfors, G.A. 1928: Fjällskogars och exponserade 
skogars föryngringsmöjligheter med särskild hänsyn 
till det producerade fröets grobarhet under extrema 
klimatförhållanden. Norrlands Skogsvårdsförbunds 
Tidskrift 1928, 105-165, 222-286.

Nordhagen, R. 1923. Litt om den utdøende furuskog 
i Troldheimen. Tidsskrift for Skogbruk 31, 25-29

Olafsen, O. 1911: Skogen i Norge fra Oldtiden til 
begyndelsen af det 16de Aarhundrede. Tidsskrift for 
Skogbruk 19, 11-19.

Appendix I

Papers accounting for eye-witness reports of treeline 
recession and mountain forest decline during the 
final phase Little Ice Age in Fennoscandian mountain 
regions.

Aario, L. 1941: Polardämon und Klimaverbesserung. 
Terra 53(4), 57-69. 

Andersson, G. 1906: Förslaget till skyddsskogar inom 
Jämtlands län. Skogsvårdsföreningens Tidskrift 3, 57-
84.

Ehrenheim, F. 1824: Om climaternes rörlighet. Tal 
hållet vid Praesidii nedläggande uti Kongl. Vetenskaps 
Academien. Stockholm.

Engström, J. 1835: Resa genom södra Lappland, 
Jemtland och Dalarne. Stockholm.

Forsslund, K.-E. 1919: Med Dalälven från källorna 
till havet. Bok I. Storån. Åhlen & Åkerlunds Förlag, 
Stockholm.

Forsslund, K.-E. 1921: Omkring Storvaln. Sveriges 
sydligaste fjäll. Sveriges Natur 1921, 33-42.

Gavelin, A. 1909: Om trädgränsernas nedgång i 
de svenska fjälltrakterna. Skogsvårdsföreningens 
Tidskrift 6, 133-151

Gavelin, A. 1910: Trädgränsförskjutningarna inom 
Kamajokks vattenområde. Sveriges Geologiska 
Undersökning Serie C, 227: 1-32.

Hagem, O. 1917: Furuens og granens frøsaetning. 
Meddelelse fra Vestlandets Forstlige Forsøksstation 
2, 1-188.

Hagemann, A. 1890: Altenskoven. Den Norske 
Forstforenings Aarbog for 1890: 1-74. 

Hägerström, K.P., 1882: Bidrag till Torne lappmarks 
och Ofotens flora. Botaniska Notiser 1882, 65-96.

Holmerz, C.G. & Örtenblad, T. 1886: Om Norrbottens 
skogar. Tidskrift för Skogshushållning 14, 193-212.

Holmerz, C.G. & Örtenblad, T. 1887: Om Jemtlands 
lappskattefjäll. Tidskrift för Skogshushållning 15, 
115-180.



LANDSCAPE ONLINE 42:1-14 (2015), DOI 10.3097/LO.201542

ISSN 1865-1542  -  www.landscape-online.de  
Official Journal of the International Association for Landscape Ecology – Regional Chapter Germany (IALE-D)

Page 14

Titel...

Rabot, C. 1911: La recul du pin sylvestre dans les 
montagnes de la Suède. La Géographie 23, 270-276.

Renvall, A. 1912: Om orsakerna till depressionen 
av tallens skogsgräns. Finska Forstföreningens 
Meddelanden 29, 233-241.

Rekstad, J. 1903: On the greater height formerly 
of the forest line and snow line in Norway. Norges 
Geologiske Undersökelses Aarbog 33/36, 14-18.

Sernander, R. 1899: Studier öfver vegetationen 
i mellersta Skandinaviens fjälltrakter. Bihang 
till Kungliga Svenska Vetenskaps-Akademiens 
Handlingar 24 Afd III, No. 11, 1-56.

Vesterlund, O. 1900: En liten tallstudie på Rotivare. 
Tidskrift för Skogshushållning 1900(4), 215-218.

Wibeck, E. 1929: Kan den nuvarande barrskogsgränsen 
förskjutas uppåt? Skogen 14, 401-404.

Zetterstedt, J.W. 1833: Resa genom Umeå Lappmarker 
i Västerbottens län. Örebro.


