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INTRODUCTION 
 

The common concern about global climate change and 
associated ecological and societal consequences (IPCC 2013) 
suffers from lack of historical perspective. Within the scientific 
community, great effort is currently allocated to generate 
predictive vegetation models or scenarios of future climate 
change and coupled impacts on the physical and living nature 
(Moen et al. 2004; ACIA 2005; Kaplan 
During the past 100 years or so, global temperatures have risen 
by about 0.85 °C (IPCC 2013), but disproportionally few 
studies have focused on firm observational science of changes 
in nature in response to factual climate change and variability
during this period of time (but see e. g. Aas 1969; Kullman 
1979, 2002, 2017; Tape et al. 2006; Kharuk 
Aakala et al. 2014; Kirdyanov et al. 2012).  
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ABSTRACT 

Elevational treeline change for different subalpine species over the past 100 years was assessed in the 
Kebnekaise-area of northern Swedish Lapland. The concerned species were mountain birch (
pubescens ssp. czerepanovii), rowan (Sorbus aucuparia), aspen (
Prunus padus). The methodology relied on older published field measurements, checked for 

reliability by tree ring analyses, and compared with present-day assessments of uppermost tree growth 
at the same locations. All species showed various degrees of up shifts
maximum advances by 200 m in elevation, with smaller displacement for other tree species
common pattern for all the concerned species was that treeline advance was achieved by phenotypic 
responses (rapid height growth) of old-established individuals, which had prevailed as krummholz 
prior to the temperature rise in the 1920s and 1930s. Age structure analyses evidenced a striking 
correspondence between summer temperature and the initiation of birch stems, which have gradually 
attained tree stature up to the present day. As a consequence, substantial densific
birch forest took place, although without perceivable advance of the forest
comply in detail with the outcome of analogous studies of the same and other species, further south in 
the Swedish Scandes. This inter-regional conformity contrasts with earlier claims of differential 
response between north and south, and support the contention that the ultimate reason is secular 
climate warming, common for the entire Swedish Scandes. There is little reason (as sometime
claimed) to invoke strictly local factors, e. g. reindeer grazing as superior driver of mountain birch 
population dynamics at the treeline. The finding that a subalpine clonal population of 
tremula has existed for more than 6500 year, casts some doubt on recent claims that this species has 
recently expanded its elevational range in these mountains.  
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Within the scientific 
community, great effort is currently allocated to generate 
predictive vegetation models or scenarios of future climate 
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in nature in response to factual climate change and variability 
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Against this background, alpine treelines and their dynamics, 
basically conditioned by heat deficiency (Holtmeier 2009;
Körner and Paulsen 2004; Kim
study objects in their roles as “bellwethers” of common biotic 
changes in northern and high-
2009). The elevational treeline dynamics integrates climate
vegetation interactions on scales of decades 
longer (Holtmeier 2009; Harsch 
2010, 2017). This view has been challenged by age structure 
analysis by Van Bogaert et al
importance of herbivory and only a minor impact of climate 
change on elevational treeline shifts
in the same area, with great care to approximate the 
germination point, has firmly evidenced the importance of high 
temperatures during the 20th century and up to the present day, 
for the instatement of new tree-
and consequent treeline rise (Kullman 2015a)
Lehtonen and Heikkinen (1995) found that climate change is 
more important than reindeer grazing in this connection
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An interesting aspect of ongoing shifts in the subalpine tree 
cover concerns the performance of aspen (Populus tremula), 
which is claimed currently to expand its range by 
establishment of new individuals in the subalpine birch forest. 
It is stated that aspen, growing in the treeline ecotone, is a new 
phenomenon of European Subarctic (Van Bogaert et al. 2010), 
a view that needs further inquiry and confirmation.  
 
In the southern Swedish Scandes, centennial treeline change of 
different tree species has been assessed and quantified for a 
large number of sites within a an extensive region, 
heterogeneous with respect to physiography and past human 
impact (Kullman 1979, 2017; Kullman and Öberg 2009). 
Maximum advance by 200-225 m in elevation corresponds 
nicely with summer temperature rise of about 1. 4 °C and a 
lapse rate of 0. 6 °C per 100 m elevational change (Laaksonen 
1976). In perspective of reconstructed postglacial treeline 
history, this magnitude of secular treeline upshift implies 
tentatively that modern change may be unique for the past 
7000 years (Kullman 2017). The definite and ultimate 
attribution of current treeline advance to centennial climate 
change should further gain in credibility if it could be repeated 
also for different species in more northern parts of the Scandes, 
with similar secular climate history, but with different 
conditions with respect to geology, geomorphology and soil 
properties. Thereby, the possible role of strictly local factors, e. 
g. highly variable land use history, may be assessed as primary 
forcings behind changes. That is the background and rationale 
of the present study, which focuses on treeline change of 
Betula pubescens ssp. czerepanowii, Sorbus aucuparia, 
Populus tremula and Prunus padus, in the northern part of the 
Swedish Scandes at sites with reliable early-20th century 
treeline records, as a basis for comparison with present-day 
conditions.  
 
Study Area 
 
The study was carried out in the Kebnekaise area of northern 
Swedish Lapland (Fig. 1), which contains the highest mountain 
of the country, Mt. Kebnekaise (2099 m a,s. l. ). Investigated 
localities were on the south-facing flank of Mt. Kebnetjåkka 
(1531 m a. s. l.) in the valley Láddjuvággi, with its floor 
around 600 m a. s. l.  

 
 

Fig. 1. Map showing the location of the study area (●) and the 
limit of coniferous forest, mostly pine (solid line) 

 
The area has a rugged alpine geomorphology, with gentle 
lower slopes strongly dissected byglacifluvial drainage 
channels and boulder-strewn higher slopes (Fig. 2). The 
bedrock is predominantly built up of amphibolite and gneiss, 
which support a rather trivial alpine flora.  

The ground cover around the treeline is dominated by fresh 
and dry dwarf-shrub heaths, extensive Salix-thickets, snow bed 
communities and meadow spots with low herbs. A westwards 
protruding wedge of mountain birch forest (Betula pubescens 
ssp. czerepanowii) covers the lower slopes of the valley (Fig. 
2). Overall, the birch forest contains some subordinate tree 
species, e. g. Sorbus aucuparia, Populus tremula and Prunus 
padus. This forest is predominantly heath-type of a rather 
moist character in the slopes of Mt. Kebnetjåkka, maintained 
by melt water from extensive perennial high-elevation snow 
fields and glaciers. No coniferous trees exist today in the 
concerned slope of Mt. Kebnetjåkka. Pinus sylvestris, 
prevailing in the lower slopes during the Medieval climate 
optimum (Kullman 2015b), does not grow within the study 
area at the present day. The nearest occurrence of pine is a 
stand in the south-facing slope of Mt. Gármasbákte, 550 m a. s. 
l., 6 km to the west of the village Nikkaluokta. A small grove 
of Picea abies, with its “roots” in the early-Holocene, exists in 
the valley Visttásvággi, 490 m a. s. l., 9 km northwest of 
Nikkaluokta (Kullman and Öberg 2016). A distinct outcrop of 
mountainous character (Mt. Kaipak, 772 m a. s. l.) stands out 
on the lower slope of Mt. Kebnetjåkka (Fig. 10). Its south-
facing slope supports a fairly rich vascular flora, with some 
southern affinities, described by Birger (1912).  
 

 
 
Fig. 2. Overview of the study area in Láddjuvággi, with the south-
facing slope of Mt. Kebnetjåkka to the right. Kebnekaise tourist 
station in the centre, surrounded by mountain birch forest. 2013-

08-11 
 

Kebnekaise tourist station, founded in 1907, is located at the 
western extent of the valley birch forest, 690 m a. s. l. 
Apparently, the birch forest was thinned all round here in 
connection with the building of the station, which was at the 
former site of a Sami habitation. However, the upper part of 
the tree line ecotone in these northern mountains bears few 
signs of older human utilization (cf. Fries 1913; Holmgren and 
Tjus 1986), except for still ongoing browsing by free-roaming 
semi-domestic reindeer (Rangifer tarandus). The area contains 
several mountain glaciers, the Holocene history of these is 
outlined by Karlén (1973). The postglacial arboreal and 
treeline history of this region is accounted for by Kullman 
(1999) and Kullman and Öberg (2015), using direct megafossil 
evidence. The climate of this region has warmed substantially 
during the past 100 years, as outlined by Figure 8 for the 
meteorological station Kiruna (442 m a. s. l., 35 km to the 
east), showing a somewhat oscillatorytrend of +1. 4 °C for the 
entire period.  
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Consistent summer warming took place during the first 3-4 
decades of the 20th century. An all-time-high was reached in 
the late 1930s, followed by insignificant cooling or levelling 
out for some decades. As a consequence perceivable 
retrogressional impacts on northern ecosystems were recorded 
(cf. Kullman 1992). A new warming phase is discernible after 
the year of 2000.  
 

METHODS 
 
Treeline is a central concept in this study and defines as the 
elevation of the uppermost individual of a certain tree species 
with a minimum height of 2 m. Early-20th century treeline 
positions (m a. s. l. ) were reconstructed for three specific sites, 
originally documented by Birger (1912). These data were 
checked for reliance by coring extant birches 2 m above 
ground level, within a 200 m wide transect running upslope 
from the position defined by the early-20th century. The 
highest positioned birch with 100 rings or more was taken as 
the treeline in about 1915. In addition some treeline trees of 
different species were cored at the stem bases, with the 
purpose to approximate their original time of establishment or 
possible local presence at the onset of 20th century warming 
phase, i. e. around 1915. At one site on the south-facing slope 
of Mt. Kebnetjåkka, the age structure of the uppermost closed 
birch forest, 715-720 m a. s. l, was assessed (2013) within a 
plot of 50x 100 m. For each birch taller than 2 m, the highest 
stem was cored close to or slightly below the ground level. 
Tree rings were counted in the laboratory under a stereo 
microscope. Since many individuals were multi-stemmed, with 
remnant stools of dead and living stems, this procedure does 
not in all cases truly represent the initial establishment of a 
specific birch individual. At best, this method gives a 
reasonable apprehension concerning the onset of accelerated 
height growth and progress towards tree-size. In fact, multi-
stemmed “normal-looking” mountain birches may have 
endured as low-growing krummholz for centuries or even 
millennia (Öberg and Kullman 2011), which complicates the 
interpretation of age-structure analyses in terms of individual 
establishment histories. Radiocarbon dating of a subfossil 
woody remnant (Populus tremula) was conducted by Beta-
Analytic Inc., Miami, USA. Original radicarbon date was 
converted to calendar years (cal. yr BP), with present = AD 
1950, based on IntCal 13 (Reimer et al. 2013). For the sake of 
simplicity, the date is cited in “intercept” form.  
 

RESULTS 
 
Secular treeline change of different species was assessed at 
three separate sites (I-III), in the form of elevational transects, 
running between the old and the present treeline position.  
 
Site I 
 
This site is about 2 km west of Kebnekaise Tourist Station. By 
combining data given by Birger (1912) with present-day tree 
ring counts of extant trees, the treeline position at 1915 was 
estimated to 710 m a. s. l. (Fig. 3). Today, the uppermost tree-
sized birch is located at 910 m a. s. l. (Fig. 3). Thus, treeline 
rise by 200 m in elevation can be inferred for the past 100 
years. One stem at the new and higher treeline displayed 105 
tree rings at the base, thereby sustaining establishment prior to 
the 20th century phase of climate warming. Scattered 
specimens of tree-sized rowan (Sorbus aucuparia) appear 
within this transect on the south-facing slope of Mt.  

 
 

Fig. 3. Site I. Left. The old treeline of Betula pubescens ssp. 
czerepanovii, 710 m a.s.l. 2013-08-11.Right. The new and 

advanced treeline, 910 m a.sl. 2013-08-12 
 

Kebnetjåkka. The highest present-day tree-line is at 890 m a. s. 
l. (Fig. 4), which is about 200 m higher than the treeline 
position reported by Birger (1912), who also observed low-
growing bushes high above the contemporary treeline. The 
largest stem displays 136 tree rings at the base. Thus, current 
treeline specimens became established prior to the 20th 
century.  
 

 
 

Fig. 4. Site I. The treeline of Sorbus aucuparia, 890 m a.s.l., 
representing secular treeline rise by 200 m. 2013-08-12 

 

Site II 
 

The concerned transect is about 2 km east of the tourist station. 
By the same procedure as described for Site I and 
complemented by data given by Fries (1913), the treeline 
around 1915 is inferred to have been 730 m a. s. l. (Fig. 5), 
which is to be compared with today´s 870 m a. s. l., 
represented by a specimen with 140 tree rings at the 
stem/ground surface interface. This means that the treeline has 
advanced by 140 m over the past 100 years.  
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Fig. 5. Site II. Upper. Birch representing the old treeline, 730 m 
a.s.l. 2008-08-13. Lower. The new and advanced tr

a.s.l. 2013-08-13 
 

The present-day static age structure of the uppermost closed 
birch forest was assessed within a plot at 715
(Fig. 6). The result is given in Figure 7. It appears that some 
birches grew here by the 1880s. Thereafter instatement of new 
tree-sized birches increased to reach a peak in the 1930s, 
followed by a gradual decine to a nadir 
Thereafter an upsurge of new fast-growing stems has occurred
This emergent pattern nicely compares with the corresponding 
regional summer temperature record (Fig. 8). 
 

 

Fig. 6. View from the west of the sample plot where the age
structure analysis of the upper birch forest was carried out, 715 

m a.s.l. 2013-08-14 
 

 

 

Fig. 7. Age-structure of the sampled birch 
population, 715-720 m a.s.l. 

 

An interesting clonal stand of aspen (Populus tremula 
located and investigated in the south-facing slope of Site II, 
795 m a. s. l.  
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It appears that some 
Thereafter instatement of new 
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a nadir during the 1980s. 

growing stems has occurred. 
This emergent pattern nicely compares with the corresponding 
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Fig. 6. View from the west of the sample plot where the age-
structure analysis of the upper birch forest was carried out, 715 

 

structure of the sampled birch  
 

Populus tremula ) was 
facing slope of Site II, 

Fig. 8. Annual records of summer temperature (JJA) for the 
period 1901-2015) at the meteorological station Kiruna

The general character was an assemblage of more than 50 
upturning shoots (0. 3-0. 5 m high), distributed in more or less 
circle-form around a virtually empty central space
Many were interconnected by root suckers, indicating that they 
all belonged to the same genetical individual, which appears to 
have spread centrifugally. Right in the centre of this formation, 
dry wood fragments were partly exposed slightly above the 
ground surface, which prompted di
Thereby distinct bark and wood fragments emerged, 
confidently confirmed as aspen from their characteristic bark 
structure (Fig. 9). Reasonably, 
individual, higher and stouter than the current tiny shoots
These remnants were radiocarbon
(Beta-474253), indicating exceptional old age of this clonal 
aspen.  
 

Fig. 9. Upper. Overview of the clone of 
on the south-facing slope of Mt. Kebnetjåkka, 795 m a.s.l.

08-12. Lower. Radiocarbon-dated megafossil remnants unearthed 
in the centre of the clone depicted t

ecent treeline shift in the kebnekaise mountains, Northern Sweden – A climate change case
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dry wood fragments were partly exposed slightly above the 
ground surface, which prompted digging out of these pieces. 
Thereby distinct bark and wood fragments emerged, 
confidently confirmed as aspen from their characteristic bark 

Reasonably, they originate from an 
individual, higher and stouter than the current tiny shoots. 

hese remnants were radiocarbon-dated to 6650 cal. yr BP 
474253), indicating exceptional old age of this clonal 

 
 

 
 

. Overview of the clone of Populus tremula , growing 
facing slope of Mt. Kebnetjåkka, 795 m a.s.l. 2013-

dated megafossil remnants unearthed 
in the centre of the clone depicted to the left. 2013-08-13 

climate change case 



 
Fig. 10. South-east facing slope of Site III, Mt. Kaipak, with its 

peak plateau at 773 m a.s.l. 2013-
 

 
Fig. 11. The birch treeline on the peak plateau of Mt. Kaipak (Site 

III), 773 m a.s.l. 2013-08-14 
 

 
Fig.12. Site III. The present-day treeline of Sorbus aucuparia

m a.s.l., which is about 70 m higher than the treeline position 
prevailing by the early 20th century. 2013
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birch treeline on the peak plateau of Mt. Kaipak (Site 
 

 

Sorbus aucuparia, 765 
m a.s.l., which is about 70 m higher than the treeline position 

century. 2013-08-14 

Site III 
 

This site comprises the south-facing slope and peak plateau of 
Mt. Kaipak, 773 m a. s. l. (Fig
the treeline of mountain birch advanced to 773 m a
11), right at the top of the mountain
in elevation. According to Birger (1912), a few creeping, 
prostrate birches grew at the wind
early-20th century. Presence of these at about that time and 
earlier is confirmed by tree ring counting
yielding 149 tree rings at the stem base
of Mt. Kaipak, was found to be totally devoid of trees around 
1915, which was judged to be due to strong local winds and 
delayed snow melt (Birger 1912)
is valid today, although a solitary tree birch (2
prevails at 755 m a. s. l.  Several
of rowan (Sorbus aucuparia) prevail in the south
By 2013, the uppermost tree-sized specimen was found at 765 
m a. s. l., as a tiny specimen, obviously browsed by reindeer
(Fig. 12).  
 

Fig. 13. Site III. The new and raised (c. 20 m) treeline of 
725 m a.s.l. 2013

Fig. 14. Site III. The present-day treeline of 
45 m higher that estimated by Birger (1912). The basal part is remarkably 

stout and probably represents an individual age, indicative of presence 
prior to the early 20th century.2013
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facing slope and peak plateau of 
(Fig. 10). Between 1915 and 2013, 

the treeline of mountain birch advanced to 773 m a. s. l. (Fig. 
11), right at the top of the mountain. This means a rise by 45 m 

According to Birger (1912), a few creeping, 
prostrate birches grew at the wind-exposed top plateau by the 

Presence of these at about that time and 
earlier is confirmed by tree ring counting maximum after 

149 tree rings at the stem base. The north facing slope 
Kaipak, was found to be totally devoid of trees around 

1915, which was judged to be due to strong local winds and 
delayed snow melt (Birger 1912). Overall, the same impression 
is valid today, although a solitary tree birch (2. 3 m high) 

Several prolificly growing individuals 
) prevail in the south-facing slope. 
sized specimen was found at 765 

as a tiny specimen, obviously browsed by reindeer 

 
 

Fig. 13. Site III. The new and raised (c. 20 m) treeline of Populus tremula, 
725 m a.s.l. 2013-08-13 
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stout and probably represents an individual age, indicative of presence 
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This treeline position is about 70 m higher than reported by 
Birger (1912). At the stem base, one stem contained 114 rings, 
although due to rot, a higher age seems plausible. Birger (1912) 
recorded the upper limit of aspen (Populustremula) at 708 m 
a.s.l., as 0.5 m high creeping bushes, implicitly indicative of a 
treeline lower than that.At the present day, the treeline of aspen 
has advanced to 725 m a.s.l. (Fig. 13). This stem belongs to an 
extensive clone of low-growing shoots. Obviously, the local 
treeline has advanced by more than 20 m since the early 20th 
century. 
 
Birger (1912) noted creeping specimens of Prunus padus in 
the lower south-facing slope of Mt Kaipak, 682 m a. s. l.  
Today, Prunus grows in low tree-size form at an elevation of 
725 m a. s. l. The stools have a thickness, which makes one 
assume that this species was present as a prostrate shrub at 
today´s treeline position more than 100 years ago (Fig. 14), but 
was obviously overlooked by Birger.  
 

DISCUSSION 
 
Overall, the results of this study, obtained by direct 
observation for different species, signal general subalpine tree 
growth progression during the past 100 years, coincident with 
recorded air temperature rise. Maximum treeline upshift of 200 
m in elevation by Betula pubescensssp. czerepanovii and 
Sorbus aucuparia, is virtually identical with the largest treeline 
advances further north (Kullman 2015) and further south 
(Kullman and Öberg 2009; Kullman 2017). This similarity 
strongly argues for the action of a common inter-regional 
driver, e. g. climate change. Moreover, treeline rise by about 
200 m is what should be expected from recorded secular 
temperature rise of 1. 4 °C and a summer temperature lapse 
rate of 0. 6 °C per 100 m elevation (Laaksonen 1976; 
Holmgren and Tjus 1986). In this connection, it should be 
noted that Dalen and Hofgaard (2005) and Hofgaard et al. 
(2009) suggested different responses and environmental 
controls of secular birch treeline population dynamics, between 
the northern and southern Scandes. This pattern is not 
consistent with the results of the present study. The contention 
of temperature as the principal agent behind treeline 
advancement gains further in credibility from the age-structure 
analysis of the uppermost birch forest. A striking covariance 
between instatement of new tree-sized stems and summer air 
temperature is evident. This relationship contrasts sharply with 
that of Van Bogaert et al. (2011), concluding that the 
population dynamics of Betula was principally driven by 
reindeer grazing rather than climate change. Possibly, 
differences in the accuracy of the dating procedures explain the 
widely different results for virtually the same population of 
subalpine birches (Kullman 2015a).  
 
The magnitude of birch treeline upshift differed between the 
investigated sites in the landscape. This pattern compares with 
experiences from other dynamic treeline studies in the Swedish 
Scandes, covering the virtually the same period of time 
(Kullman 1979; Kullman and Öberg 2009). Locally different 
treeline responses to a common climate signal indicate that 
only at particularly types of habitats has the birch treeline a 
common and straightforward relationship with temperature 
changes. The complex geomorphology/wind/snow distribution 
pattern may locally modulate and constrain treeline and 
treeline rise to a lower elevation than would have been the case 
under more congenial conditions. The age structure analysis 
indicates substantial densification and infilling of gaps in the 

upper birch forest during the past 100 years, but little advance 
of the upper limit of closed birch forest. This state of affairs 
compares well with experiences from other parts of the 
Swedish Scandes (Kullman and Öberg 2009; Kullman 2010, 
2015a). Concerning the mechanism of treeline rise, Betula, 
Sorbus and Populus responded with advanced height growth of 
old-established krummholz individuals, i. e. phenotypic 
plasticity, maintained by means of climate warming.  
 
The role of vegetative reproduction in connection with recent 
treeline dynamics is emphatically maintained by the 
performance of clonal Populus tremula, as shrubby clones 
within the treeline ecotone, proved to have existed for more 
than 6500 years. Thereby, Populus mimics the performance of 
Betula pubescens, Alnus incana and Picea abies (Öberg and 
Kullman 2011, 2012; Kullman 2013). The finding of the 
above-mentioned multi-millennial Populus clone in the treeline 
ecotone casts some doubt on recent claims that Populus has 
drastically expanded its altitudinal range in the mountains by 
increased sexual regeneration. Growth of this species in the 
treeline ecotone is suggested to be a new phenomenon to the 
European Subarctic (Van Bogaert et al. 2010). This option is 
discarded by the present study. More likely, old-growth clones 
haveresponded with rapid height growth to modern warming 
and thereby have become more prominent in the birch forest 
matrix, particularly during the autumn (cf. Kullman, 2015a). 
Such a response is particularly likely as warm and dry 
conditions are found to promote asexual regeneration of the 
genusPopulus in the treeline ecotone (Elliott and Baker 2004). 
Analogous, but undated occurencies of Populus tremula are 
reported from other parts of the Scandes (e. g. Smith 1920; Ve 
1940; Selander 1950; Kilander 1955; Wistrand 1981). In most 
cases, these authors discard the possibility of recent dispersal 
to the favor of initial establishment during the climate 
optimum of the early Holocene. This option gains strong 
support from the present study.  
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