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ABSTRACT	
In	 the	context	of	post-Little	 Ice	Age	climate	change,	 regional	 forest-limit	 (strictly	
defined)	 adjustment	 was	 studied	 over	 the	 period	 1915	 to	 1975.	 The	 study	
comprised	nearly	200	sites,	in	the	form	of	systematically	distributed	belt	transects.	
Forest-limit	positions	(m	a.s.l.)	were	reconstructed	for	the	years	around	1915	and	
compared	to	the	situation	about	1975.	During	that	interval,	summer	temperatures	
(June-August)	 increased	 by	 1.2	 °C.	 Concurrently,	 elevational	 upshifts	 were	
ubiquitous,	site	specific	and	rather	modest;	c.	17	altitudinal	meter	rise	over	a	period	
of	about	60	years.	This	is	far	less	than	expected	for	the	climate	change	alone	and	
indicates	a	pronounced	disequilibrium	situation.	In	comparison,	the	treeline	in	the	
same	area,	i.e.	the	uppermost	>	2	m	tall	birches,	advanced	by	average	c.	30	m.	Thus,	
it	 appears	 that	 the	 treeline	 is	 a	more	 sensitive	 biomonitor	 than	 the	 forest-limit.	
Therefore,	the	treeline	should	be	primarily	focused	in	the	context	of	environmental	
monitoring.	Given	 that	 the	 current	 relatively	warm	climate	phase	 continues,	 the	
subalpine	birch	forest	belt	may	eventually	recede	and	give	way	to	a	subalpine	pine	
belt.	 The	 obtained	modest	 forest-limit	 advancement	 is	 so	 small	 that	 flourishing	
model	 simulations	 of	 extensive	 birch	 forest	 expansion	 over	most	 of	 the	 current	
alpine	tundra,	appear	as	large	and	unfounded	exaggerations.	The	alpine	tundra	of	
the	Scandes,	with	its	characteristic	biodiversity,	is	likely	to	prevail	for	a	foreseeable	
future.	

	
INTRODUCTION	

The	upper	distribution	of	biota	in	high-mountain	regions	is	ultimately	constrained	by	thermal	
deficiency	(Tranquillini	1979;	Körner	&	Paulsen	2004;	Holtmeier	&	Broll	2005;	Nagy	2006).	In	
that	context,	arboreal	vegetation	plays	a	pivotal	role,	as	its	dynamics	influences	the	composition	
and	structure	of	lower	vegetation	strata,	surface	albedo	and	carbon	sequestration	(Theurillat	
&	Guisan	2011;	Camarero	&	Gutiérrez	2004;	Greenwood	et	al.	2016).	It	is	well	known	that,	on	
most	 time-scales,	 upper	 ”treelines”	 respond	 sensitively	 to	 climate	 change	 and	 variability	
(Kullman	1998,	2021a;	Fagre	et	al.	2003;	Kullman	&	Öberg	2009;	Hofgaard	et	al.	2009;	Liang	et	
al.	2011;	Holtmeier	&	Broll	2011).	However,	 less	 is	known	about	couplings	between	climate	
change	 and	 the	 upper	 boundary	 of	 closed	 forest,	 henceforth	 termed	 ”forest-limit”	 (Donato	
2013).	 This	 is	 an	 important	matter,	 since	 projections,	 drawing	 on	 proposed	 anthropogenic	
future	warming,	claim	extensive	and	pending	elevational	forest-limit	expansion	at	the	cost	of	
alpine	tundra	over	the	present	century.	Upshifts	by	200-600	altitudinal	meters	are	simulated	
and	are	assumed	to	change	the	general	appearance	of	the	mountain	region	(Kellomäki	et	al.	
1997;	Moen	et	al.	2004;	ACIA	2005;	Kaplan	&	New	2006).	The	credibility	of	such	projections	is	
dubious	and	based	on	immature	climate	and	ecological	science,	since	few	observational	studies	
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have	 specifically	 focused	 on	 modern	 elevational	 shifts	 of	 the	 forest-limit,	 strictly	 defined.	
Accordingly,	 more	 conservative	 and	 seemingly	 realistic	 inferences	 are	 launched	 by	 other	
researchers	(e.g.	Rössler	et	al.	2008;	Willis	&	MacDonald	2011;	Hofgaard	et	al.	2013;	Bandekar	
&	Odland	2017;	Kullman	2019).	The	sparsity	of	relevant	studies	in	this	field	may	relate	to	the	
difficulty	of	finding	a	stringent	forest-limit	definition,	which	is	practically	applicable	in	the	field,	
particularly	in	retrospect.	
	
It	 is	 of	 utmost	 importance	 for	 dynamic	 landscape	 comprehension	 to	 uphold	 the	 distinction	
between	 the	 treeline	 and	 the	 forest-limit,	 as	 they	 constitute	 opposite	 ends	 of	 a	 vegetation	
continuum,	the	so	called	treeline	ecotone	(cf.	Treter	1984).	Possibly,	they	respond	to	climate	
change	and	variability	with	different	time	lags	(Hermes	1955;	Körner	2007;	Bekker	&	Malanson	
2009;	Kharuk	et	al.	2010;	Rannow	2013;	Kullman	2021c;	Bryn	&	Potthoff	2022).	The	present	
study	focuses	specifically	on	temporal	dynamics	of	the	forest-limit.	
		
With	reference	to	Kullman	(1979),	the	narrow	and	precise	concept	”treeline”	represents	the	
altitude	(m	a.s.l.)	at	any	specified	locality,	where	the	uppermost	birch,	at	least	2	m	tall,	grows	at	
a	certain	point	of	time.	”Forest-limit”	refers	to	the	highest	point	(m	a.s.l.)	at	which	birches	of	
tree	height	form	closed	stands	at	specific	points	of	time.	The	configuration	of	the	forest-limit	is	
highly	variable	between	sites	and	may	take	forms	as	wedges,	lobes,	”fingers”	or	clumps.	For	the	
present	analysis,	the	minimum	area	should	be	at	least	5x5	m	and	contain	10	or	more	tree-sized	
stems.	Unfortunately,	we	have	 few	direct	observational	data	on	 forest-limit	positions	 in	 the	
early	 20th	 century.	 Therefore,	 the	 past	 forest-limit	 has	 to	 be	 based	 on	 present-day	 visual	
records	and	estimates	of	the	upper	limit	of	still	living	or	dead	stems	which,	based	on	learning	
from	extensive	borings,	could	be	judged	to	have	been	at	least	2	m	and	alive	in	1915	(Kullman	
1979).	 Of	 course	 this	 approach	 implies	 some	 uncertainty,	 reasonably	minimized	 by	 a	 large	
number	of	study	sites.		
	

METHODS	
The	 forest-limit	dynamics	1915-1975	was	 reconstructed	by	 the	use	of	data	 from	a	 regional	
network	of	observations	(1915)	at	198	sites	over	a	8000	km2	area	(Smith	1920),	combined	with	
field	 observations	 in	 the	mid-1970s	 and	 contemporary	 dendroecological	 analyses	 (Kullman	
1979,	updated).	Records	were	obtained	within	elevational	transects,	running	at	right-angles	to	
the	local	slope	contours.	The	altitudinal	difference	between	the	past	and	recent	forest-limits,	
defines	the	extent	of	forest-limit	change	over	the	period	1915-1975.	It	provides	a	measure	of	
the	extent	of	afforestation	of	previously	unforested	alpine	tundra.	
	
Altitudinal	measurements	were	 carried	 out	with	 a	 Paulin	 aneroid	 altimeter,	with	 a	 reading	
accuracy	 of±1	 m,	 here	 rounded	 off	 to	 the	 nearest	 5	 m.	 Measurements	 were	 repeatedly	
calibrated	against	modern	topographical	maps	(1:	100	000).	
	
Elevational	forest-limit	shift	1901-1975	was	compared	to	treeline	shift	over	the	same	period	of	
time	(Kullman	1979).	Significant	differences	were	computed	by	one-way	analysis	of	variance	
(ANOVA),	checked	for	normality.	
	
	
	



	
	

	
	
	

170	

Vol.	10,	Issue	3,	June-2022	European	Journal	of	Applied	Sciences	(EJAS)	

Services	for	Science	and	Education	–	United	Kingdom	

Study	area	
The	study	area	comprises	the	provinces	of	Dalarna,	Härjedalen	and	Jämtland	in	the	southern	
Swedish	 Scandes	 (Fig.1).	 The	 relief	 is	 alpine,	 with	 U-shaped	 valleys	 and	 the	 highest	 peaks	
reaching	1000-1800	m	a.s.l.	The	bedrock	consists	of	amphibolites,	quartzites,	sparagmites	and	
calcareous	tectonites.	Podzolic	soil	and	peat	deposits	cover	the	prevailing	glacial	deposits.	The	
regional	climate	ranges	from	weakly	maritime	in	the	northwest	to	a	more	continental	character	
in	the	eastern	and	southern	parts.	Data	from	Storlien/Visjövalen	meteorological	station	(642	m	
a.s.l.)	display	that	mean	temperatures	for	the	months	of	January,	July	and	the	year,	are	-7.6,	10.7	
and	1.1	ºC,	respectively,	referring	to	the	period	1961-1990.	
	
Arboreal	vegetation	within	the	treeline	ecotone	is	composed	of	Norway	spruce	(Picea	abies	L,	
Karst,)	and	Scots	pine	(Pinus	sylvestris),	as	alternating	dominants.	These	sparse	stands	grade	
upslope	 into	 a	 subalpine	 belt	 with	 predominant	 mountain	 birch	 (Betula	 pubescens	 ssp.	
czerepanovii.	 Detailed	 accounts	 of	 the	 structure,	 composition	 and	 dynamics	 of	 the	 treeline	
ecotone	are	given	by	different	sources	 (Kullman	1981b,	2005;	Carlsson	et	al.	1999;	 Jonsson	
2004;	 Bandekar	 &	 Odland	 2017,	 Kullman	 &	 Öberg	 2018b).	 The	 treeline	 ecotone	 has	 been	
impacted	by	human	utilization	for	thousands	of	years;	reindeer	pastoralism,	alternating	with	
livestock	 grazing	 and	 hay	making	 by	 Nordic	 settlers	 (Kullman	 1979;	 Josefsson	 et	 al.	 2010;	
Östlund	et	al.	2015).		
	
Concerning	impact	of	wild	and	semi-domestic	reindeer,	it	has	been	claimed	that	grazing	and	
trampling	constrain	growth	and	reproduction	of	mountain	birch	 in	the	treeline	ecotone	and	
disguising	 the	 impact	 of	 climate	warming	 (Cairns	 &	Moen	 2004;	 Olofsson	 et	 al.	 2009;	 Van	
Bogaert	et	al.	2011).	This	contention	conflicts	with	opinions	concerning	the	mountainscape	in	
general	(Holmgren	1904;	Kallio	&	Mäkinen	1978;	Holmgren	&	Tjus	1996;	Holtmeier	2003),	as	
well	as	age	structure	data	(Kullman	2021b).	In	particular	Tømmervik	et	al.	(2009)	found	that	
reindeer	 grazing	 reduces	 the	 lichen	 cover	 and	 may	 promote	 establishment	 and	 growth	 of	
mountain	birch.	Accordingly,	substantial	regional	treeline	rise	(birch	and	pine)	during	the	past	
100	 years	 (Kullman	&	Öberg	 2009)	 coincides	with	 steadily	 rising	 reindeer	 herds	 (Kullman	
2017b).	Counter-intuitively,	and	with	this	background	of	empirical	facts,	it	needs	consideration	
whether	birch	forest-limit	progression	and	general	landscape	greening	since	early	20th	century	
is	the	combined	effect	of	climate	warming	and	increased	grazing/trampling	by	free-roaming	
reindeer.		
	
In	general,	the	treeline	ecotone	has	been	little	affected	by	fire	disturbance	in	the	past	(Kullman	
1981a).	
	
Impacts	of	past	human	land-use	may	display	fundamental	differences	between	of	forest-limit	
and	treeline.	It	appears	that	treelines	are	less	impacted	in	that	respect,	as	a	reflection	of	the	
“Principle	 of	 Least	 Effort”.	 This	 implies	 that	 the	 use	 and	 of	 natural	 resources	 diminishes	
towards	 the	 treeline,	 where	 the	 cost	 and	 effort	 of	 extraction	 exceeds	 the	 potential	 gain	
(Blüthgen	1942;	Shackleton	&	Prins	1992).	Consequently,	the	treeline	is	generally	in	a	more	
natural	 stage	 and	 constitutes	 a	 relatively	 better	 and	more	 sensitive	 bioindicator	 of	 climate	
change	than	the	forest-limit	(Kullman	2008,	2015,	2017b;	Körner	2007;	Guo	et	al.	2005;	Aitken	
et	al.	2008).	
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Figure	1.	Location	map	showing	the	study	region	in	the	southern	Swedish	Scandes.	

	
Modern	climate	change	
Long-term	 temperature	 trends	 (1901-2021)	 for	 summer	 (J.	 J.	 A.)	 and	 winter	 (D.	 J.	 F.)	 are	
presented	in	Figure	2.	Warming	has	occurred	by	1.6	and	1.5	ºC,	respectively.	A	conspicuous	dip	
is	 perceivable	 over	 about	 four	 decades	 after	 the	 1930s	 (Alexandersson	 et	 al.	 1995).	 The	
mechanism	behind	this	warming	trend	is	under	debate	(e.g.	Bengtsson	et	al.	2004).	
	

	
Figure	2.	Mean	annual	regional	air	temperatures	recorded	at	Storlien/Visjövalen/Storvallen	
meteorological	station,	1901-2021.	Left:	June-August.	Right.	December-February.	Source:	

Swedish	Meteorological	and	Hydrological	Institute.	
	

RESULTS		
Forest-limit	advance	appears	in	the	landscape	as	a	more	or	less	wide	belt	with	conspicuously	
slender	and	light-stemmed	birches.	This	belt	is	located	above	a	level	where	stout	living	or	dead	
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individuals	with	 fissured	bark	and	dark	epiphytic	 lichens	prevail	 (Fig.	3).	At	a	 strictly	 small	
spatial	scale	in	the	local	topography	within	the	birch	forest	belt,	local	forest-limit	stands	expand	
into	depressions	and	forefields	of	snow	banks,	where	tree	growth	was	previously	impossible,	
due	 to	 large	 accumulations	 of	 wind-driven	 and	 late-lying	 snow	 (Fig.	 5).	 This	 is	 a	 common	
process,	which	densifies	the	forest.	
	

	
Figure	3.	The	upper	limit	of	this	kind	of	birches	complies	with	the	applied	definition	of	the	
modern	forest-limit	and	indicates	its	position	around	1915.	This	birch	displayed	(in	the	left-
hand	stems)	167	tree	rings	2	m	above	the	ground.	Mt.	Getvalen,	765	m	a.s.l.	2017-06-28.	

	
During	the	period	1915-1975,	the	forest-limit	in	the	study	area	expanded	upslope	on	practically	
all	studied	localities	(99	%),	with	an	average	of	17.3±11.6	m,	to	be	compared	to	29.6±29.2	m	
for	treeline	rise	during	the	same	period	of	time.	ANOVA-test	indicated	that	the	difference	was	
significant	(F=9.5;	P<0.05).	Extent	of	 forest-limit	displacement	at	 individual	sites	 is	given	by	
Fig.	 4.	 Except	 for	 large	 inter-site	 variability,	 a	 slight	 tendency	 to	 larger	 upshifts	 for	 the	
northernmost	c.	40	sites	may	be	discernible.		Photographic	evidence	of	the	character	of	forest-
limit	dynamics	is	presented	below	for	a	representative	sample	of	investigated	sites	(Figs.	5-14).	
Following	the	mid-1970s,	the	forest-limit	appears	to	have	remained	fairly	stable	(Figs.	11	&	12).	
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Figure	4.	Extent	of	forest-limit	advance	(altitudinal	meters),	1915-1975,	at	individual	sites	in	

the	southern	Swedish	Scandes,	numbered	north	to	south	according	to	Kullman	(1979).	
	

	
Figure	5.	Newly	established	birch	forest	(light	green)	in	a	wedge-like	forest	depression,	where	a	
late-lying	snow	patch	previously	precluded	birch	growth.	Mt.	Miektjiburrientjahke,	2011-06-

27.	
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Figure	6.	These	old-growth	birches	(805	m	a.s.l.)	mark	the	forest-limit	in	1915,	according	to	

records	by	Smith	(1920).	Tree-ring	count	support	that	estimate,	and	shows	that	the	birch	in	the	
centre	and	others	alike	at	the	same	elevation,	grew	here	as	trees	by	the	mid-19th	century.	
Higher	upslope,	birches	are	conspicuously	younger	and	represent	subsequent	forest-limit	

advance	by	35	m.	Mt.	Norder-Tväråklumpen,	2017-06-20.	
	

	
Figure	7.	Different	views	(Left	and	Right)	of	the	new	and	raised	forest-limit	(840	m	a.s.l.),	

located	upslope	of	the	view	in	Figure	6.	All	birch	stems	in	these	images	are	younger	than	100	
years,	although	some	individuals	existed	as	prostrate	krummholz	earlier.	The	forest-limit	has	
advanced	35	m	over	the	period	1915-1975.	Characteristically,	at	this	snow-accumulating	site,	
birch	has	responded	progressively	to	earlier	snow-melt	in	the	warmer	climate	since	the	early	

20th	century.	Mt.	Norder-Tväråklumpen,	2015-06-21.	
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Figure	8.	Ancient	and	moribund	birch,	today	at	least	140	years	old,	displays	the	position	of	the	
forest-limit	around	1915.	Mt.	Getryggen,	830	m	a.s.l.	Left.	1974-06-07.	Right.	2017-08-08.	

	

	
Figure	9.	Since	1915,	the	forest-limit	has	advanced,	by	a	birch	forest	wedge	extending	upslope	
from	the	position	given	in	Figure	8.	Forest	protrusion	is	strictly	associated	with	the	melt	water	
stream	originating	from	the	late-lying	snow	patch	at	higher	altitude.	This	is	a	modal	response	
pattern	in	a	wider	geographical	perspective,	clearly	showing	the	birch´s	dependence	of	snow	

melt	phenology.	Mt.	Getryggen,	2017-08-08.	
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Figure	10.	The	new	and	higher	forest-limit	(905	m	a.s.l.),	recorded	1975,	is	still	prevailing	at	the	
same	site,	with	vigorously	growing	birches.	Over	the	period	1915-1975,	the	local	forest-limit	
has	advanced	by	75	m,	as	depicted	in	Figure	8	and	9.	Along	the	same	transect,	and	up	to	the	

present	day,	the	treeline	has	shifted	upslope	by	215	m,	clearly	showing	differential	
responsiveness	of	treeline	and	forest-limit	(Kullman	&	Öberg	2018).	2017-08-08.	

	

	
Figure	11.	The	position	of	the	early-20th	century	forest-limit	is	indicated	by	the	hatched	line,	
980	m	a.s.l.	The	forest-limit	has	here	advanced	by	60	m,	which	means	that	practically	all	forest	
visible	in	this	image	has	developed	during	the	past	100	years.	Little	change	is	discernible	after	

1974.	Mt.	Lill-Skarven.	Left.	2011-08-10.	Right.	1974-07-15.	
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Figure	12.	A	case	of	apparent	forest-limit	stability	during	recent	decades.	The	forest-limit	

advanced	by	20	m	1977-2006.	Mt.	Getvalen,	860	m	ö.h.	Upper.	2006-08-13.	Lower.	1977-07-15.	
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Figure	13.	Forest-limit	has	advanced	on	Mt.	Molnet	by	55	m	since	the	early-20th	century.	At	that	
point	of	time,	the	forest-limit	was	at	995	m	a.s.l.	(hached	line).	Subsequently	and	up	to	the	mid-

1970s,	the	conspicuous	and	dense	forest-limit	shifted	to	1050	m	a.s.l.	2012-06-29.	
	

	
Figure	14.	Mt.	Hamrafjället	displayed	a	forest-limit	at	920	m	a.s.l.	around	1915	(hatched	line).	
Thereafter,	upslope	advance	of	40	altitudinal	meters,	marked	by	dense	and	dark-green	tree	
stands,	took	place	until	the	mid-1970s.	At	this	site	the	treeline	advanced	by	90	m	(Kullman	
1979).	By	the	early-20th	century,	an	extensive	late-lying	snow	field	prevailed	above	the	

uppermost	present-day	forest	in	this	specific	slope	(Sernander	1905).	Its	presence	precluded	
growth	of	continuous	birch	forest	at	that	time.	2016-08-09.	
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DISCUSSION	
Between	1915	and	1975,	forest-limit	advance	has	been	a	general	phenomenon	in	the	southern	
Swedish	 Scandes.	 The	 average	 rise	 of	 about	 17	 m,	 is	 significantly	 less	 than	 contemporary	
treeline	advancement	of	30	m	in	the	same	area	(Kullman	(1979)	and	less	than	what	would	be	
expected	from	climate	warming	alone	and	a	tight	climate/birch	forest-limit	equilibrium.	The	
treeline	upshift	figure	provides	a	better	match	with	the	regional	summer	temperature	rise,	1.2	
°C	and	a	conventional	temperature	lapse	rate	of	0.6	°C	per	100	m	altitude	(Laaksonen	1976).	
This	result	supports	the	contention	that	the	treeline	is	a	more	volatile	and	sensitive	indicator	
of	climate	change	then	the	forest-limit	(e.g.	Enquist	1933;	Kvamme	1993;	Körner	2007:	Rannow	
2013;	Bryn	&	Potthoff	2018).	This	is	particularly	important	as	its	position	can	be	determined	
more	 objectively	 and	 provide	 comparable	 measures	 between	 sites	 and	 regions,	 which	
facilitates	 stringent	 analyses	 of	 climate	 dependence.	 Consequently,	 Swedish	 nature	
conservancy	 authorities	 focus	 environmental	 monitoring	 on	 the	 treeline	 (Kullman	 2014;	
Kullman	&	Öberg	2015).	
	
In	 no	 case	 has	 the	 new	 and	 higher	 forest-limit	 reached	 the	 same	 elevation	 as	 the	 recently	
advanced	 treeline.	 Forest	 has	 only	 rarely	 expanded	 into	 previously	 entirely	 treeless	 alpine	
tundra.	There	are	examples	of	sites	where	the	treeline	has	expanded	with	hundreds	of	meters,	
still	the	proportions	alpine	tundra/forest	have	remained	virtually	unchanged.	The	maximum	
forest-limit	and	treeline	advances	are	75	and	140	m,	respectively,	which	further	stresses	their	
different	responsiveness	to	climate	change.	
	
Apparently,	 seed	 regeneration	 is	 found	 to	 have	played	 a	minor	 role	 in	 the	 process	 of	 birch	
forest-limit	upshift,	which	not	 seems	 to	 rely	on	shortage	of	viable	 seed	or	 constrained	seed	
dispersal	 (Kullman	 2021d).	 Instead,	 the	 dominant	 mechanism	 appears	 to	 be	 phenotypic	
plasticity	of	old-established	krummholz,	which	may	display	individual	ages	of	several	thousand	
years	(Öberg	&	Kullman	2012).	Analogous	modest-none	forest-limit	advances,	over	virtually	
the	same	period	of	time,	are	reported	also	from	other	parts	of	Scandinavia	and	elsewhere	(Aas	
1969;	Aas	&	Faarlund	1995;	Rössler	et	al.	2008;	Dial	et	al.	2015;	Bandekar	&	Odland	2017;	
Franke	et	al.	2019;	Kharuk	et	al.	2021;	Lu	et	al.	2021;	Kullman	2021b).		
	
The	obtained	new	forest-limit	is	far	lower	(600-700	m)	than	the	highest	treeline	position	locally	
held	 by	 the	 early	 Holocene	 thermal	 optimum,	 around	 or	 slightly	 prior	 to	 9500	 cal.	 yr.	 BP	
(Kullman	 &	 Öberg	 2015a,	 2020;	 Kullman	 2015,	 2017).	 This	 circumstance	 may	 provide	
additional	support	to	the	view	that	the	current	forest-limit	is	not	in	equilibrium	with	modern	
climate,	 possibly	 a	 generic	 relationship	 in	 a	 wider	 geographical	 context	 (Campbell	 &	
McAndrews	1993;	Sykes	&	Prentice	1996;	Hofgaard	1999;	Bryn	&	Potthoff	2022).		
	
Consequently,	future	upshift	of	the	birch	forest-limit	may	be	anticipated,	given	that	high-alpine	
sources	 of	 melt	 water	 persist,	 which	 is	 not	 likely	 in	 the	 context	 of	 proposed	 main-stream	
climate-change	 scenarios,	 i.e.	 shorter	 winters,	 earlier	 snow	melt	 and	 drier	 soils	 in	 the	 late	
summer.	In	that	perspective,	a	more	plausible	course	of	change	is	recession	of	the	birch	belt	in	
favor	of	the	emergence	of	a	subalpine	pine	belt.	Such	a	trajectory	is	supported	by	immense	pine	
reproduction	in	the	treeline	ecotone	during	the	past	10-15	years	(Kullman	2014,	2019;	Kullman	
&	 Öberg	 2021,	 2022).	 In	 addition,	 extensive	 spread	 of	 outlier	 pine	 trees	 deep	 into	 birch-
dominated	valleys	and	recent	pine	 treeline	advancement	 to	 its	highest	position	 for	 the	past	
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7000	 years,	 fits	 with	 this	 projection	 (Kullman	 2017b,	 2021c).	 Accordingly,	 modeling	 and	
observations	by	different	authors	suggest	pending	upslope	advance	of	pine,	at	the	expense	of	
birch	(Holtmeier	&	Broll	2005;	Sormunen	et	al.	2011;	Matías	&	Jump	2012;	Bognounou	et	al.	
2018;	Kullman	2019).	In	the	southernmost	Swedish	Scandes,	pine	has	already	“leap-frogged”	
over	 receding	 the	 birch	 forest-limit	 (Kullman	 2014,	 2019.	 That	 scenario	 would	 mimic	 the	
arboreal	landscape	during	the	early	Holocene	and	shift	to	a	landscape	unseen	for	thousands	of	
years	(cf.	Blűthgen	1942;	MacDonald	et	al	2008,	Macias-Fauria	et	al.	2012).	During	that	epoch,	
summer	temperatures	are	inferred	to	have	been	at	least	3	°C	higher	than	during	the	past	few	
decades.	 As	 a	 consequence,	 pine	was	 a	 dominant	 tree	 species	 in	 the	 treeline	 ecotone,	with	
mountain	birch	as	a	 subordinate	 component	 (Kullman	2013,	2017a).	However,	 it	 should	be	
kept	 in	 mind	 that	 the	 prevailing	 forest-limit/climate	 disequilibrium	 complicates	 predictive	
modeling	(cf.	Svenning	&	Sandel	2013).	Surprises	may	lie	ahead	and	only	sustained	monitoring	
may	provide	accurate	answers.		
	
In	the	context	of	a	seeming	sluggish	forest-limit	advance,	it	may	be	relevant	to	consider	that	
swift	 postglacial	 afforestation	 of	 the	 Scandes	 was	 mainly	 a	 downhill	 process	 (Kullman	 &	
Kjällgren	 2000),	 in	 contrast	 to	 putative	 future	 forest-limit	 elevational	 advance.	 This	
displacement	is	likely	to	proceed	upslope	with	great	delay	and	much	slower	than	predicted	by	
climate	alone.	Constraints	include	geomorphic	features,	processes	and	associated	forces,	such	
as	wind,	snow	avalanches,	water	flow,	scree	slopes,	naked	rocks	and	herbivory	(Macias-Fauria	
&	Johnson	2013).		
	
As	 evident	 from	 photographs,	 stand	 densification	 of	 the	 treeline	 ecotone	 and	 the	 upper	
subalpine	 birch	 forest	 is	 a	 common	 phenomenon	 in	 the	 new	 and	 warmer	 climate,	 which	
manifests	as	modest	forest-limit	advancement.	Analogously,	increased	tree	density	is	reported	
from	Swedish	Lapland	(Kullman	1991,	2021b;	Hedenås	et	al.	2011;	Rundqvist	et	al.	2011).		
	
At	the	landscape	level,	the	obtained	changes	contribute	to	a	greener	and	lusher	landscape,	in	
contrast	 to	 the	dire	conditions	during	 the	Little	 Ice	Age,	more	 than	100	years	ago	(Kullman	
2010,	2015).	Currently,	there	is	little	factual	nourishment	to	flourishing	projections,	stating	that	
a	major	part	of	Swedish	alpine	areas	is	on	verge	of	transformation	to	subalpine	birch	forest	(e.g.	
Moen	et	al.	2004).	Apparently,	 climate	and	arboreal	 responses	are	 still	 inside	 the	 frames	of	
natural	 historical	 variation,	 as	 inferred	 by	 several	 authors	 (e,g.	 Hammarlund	 et	 al.	 2004;	
Bergman	et	al.	2005;	Kullman	2013,	2017	a,	b;	Kullman	&	Öberg	2018,	2020).	
	

ACKNOWLEDGEMENT	
I	 am	much	 indepted	 to	 Dr.	 Lisa	 Öberg	 for	 competent	 comments	 on	 earlier	 versions	 of	 the	
manuscript	and	photo-editing	of	displayed	images.	
	 	



	
	

	
	
	

181	

Kullman, L. (2022). Forest-Limit (Betula pubescens ssp. czerepanovii) Performance in the Context of Gentle Modern Climate Warming. European 
Journal of Applied Sciences, 10(3). 168-185. 

URL:	http://dx.doi.org/10.14738/aivp.103.12369	

References	
Aas,	B.	1969.	Climatically	raised	birch	lines	in	southeastern	Norway.	Norsk	Geografisk	Tidsskrift	23,	119-130.	

Aas,	B.	&	Faarlund,	T.	1995.	Forest	limit	development	in	Norway,	with	special	regard	to	the	20th	century.	AmS-
Varia	24,	89-100.		

ACIA	2005.	Arctic	climate	impact	assessment.	Cambridge	University	Press,	Cambridge.	

Aitken,	S.N.,	Yeaman,	S.,	Halliday.	J.-A.,	Wang,	T.	&	Curtis-McLane,	S.	2008.	Adaptation,	migration	or	extirpation:	
climate	change	outcomes	for	tree	populations.	Ecological	Applications	1	(1),	95-111.	

Alexandersson,	H.,	Karlén,	W.	&	Nilsson,	J.	1995.	Från	istid	till	nutid.	In	Raab,	B.	&	Vedin,	H.	(eds.).	Klimat,	sjöar	
och	vattendrag.	Sveriges	Nationalatlas.	Bra	Böcker,	Höganäs.	

Bandekar,	G.	&	Odland,	A.	2017.	Ecological	characterization	of	northernmost	birch	forests	in	Norway.	
Phytocoenologia	47(2).	DOI:	10.	1127/phyto/2017/0111.	

Bekker,	M.S.	&	Malanson,	G.P.	2009.	Modeling	feedback	effects	on	linear	patterns	of	subalpine	forest	
advancement.	Developments	in	Earth	Surface	Processes	12,	164-190.	

Bengtsson,	L.,	Semenov,	V.A.	&	Johannesson,	O.M.	2004.	The	early	twentieth-century	warming	in	the	Arctic-A	
potential	mechanism.	Journal	of	Climate	17,	4045-4057.	

Bergman,	J.,	Hammarlund,	D.,	Hannon,	G.,	Barnekow,	L.	&	Wohlfarth,	B.	2005.	Deglacial	vegetation	succession	and	
Holocene	tree-limit	dynamics	in	the	Scandes	Mountains,	west-central	Sweden:	stratigraphic	data	compared	to	
megafossil	evidence.	Review	of	Palaeobotany	&	Palynology	134,	129-151.	

Blüthgen,	J.	1942.	Die	polare	Baumgrenze	in	Lappland.	Veröff.	Deutsch.	Wiss.	Inst.	Kopenhagen.	Reihe	1:	Arktis	
10,	1-80.	

Bognounou,	F.,	Hulme,	P.E.,	Oksanen,	L.,	Suomina,	O.,	Olofsson,	J.	2018.	Role	of	climate	and	herbivory	on	native	
and	alien	conifer	seedling	recruitment	at	and	above	the	Fennoscandian	tree	line.	Journal	of	Vegetation	Science	
29,	573-584.	

Bryn,	A.	&	Potthoff,	K.	2018.	Elevational	treeline	and	forest	line	dynamics	in	Norwegian	mountain	areas	-	a	
review.	Landscape	Ecology	33,	1225-1245.	

Bryn,	A.	&	Potthoff,	K.	2022.	Assessing	the	impact	of	climate	change	versus	land	use	on	tree-	and	forest	line	
dynamics	in	Norway.	In:	Schickhoff,	U.	et	al.	(eds).	Mountain	Landscape	in	Transition.	
https://doi.org/10.1007/978-3-030-70238-0_29	

Camarero,	J.J.	&	Gutiérrez.	E.	2004.	Pace	and	pattern	of	recent	treeline	dynamics:	response	to	climate	variability	
in	the	Spanish	Pyrenees.	Climatic	Change	63,	181-200.	

Campbell,	I.D.	&	McAndrews,	J.H.	1993.	Forest	disequilibriun	caused	by	rapid	Little	Ice	Age	cooling.	Nature	366,	
336-338.	

Cairns,	D.M.	&	Moen,	J.	2004.	Herbivory	influences	treelines.	Journal	of	Ecology	92,	1019-1024.	

Carlsson,	B.	Å.,	Karlsson,	P.S.	&	Svensson,	B.M.	1999.	Alpine	and	subalpine	vegetation.	Acta	Phytogeographica	
Suecica	84,	75-89.	

Dial,	R.J.,	Scott,	S.T.,	Sullivan.	P.F.,	et	al.	2016.	Shrubline	but	not	treeline	advance	matches	climate	velocity	in	
montane	ecosystems	of	south-central	Alaska.	Global	Change	Biology	22,	1841-1856.	

Donato,	D.C.	2013.	Limits	to	upward	movement	of	subalpine	forests	in	a	warming	climate.	Proceedings	of	the	
National	Academy	of	Sciences	of	the	United	States	of	America.	110(20),	7971-7974.	

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

Franke,	A.K.,	Feilhauer,	H.,	Bräuning,	A.	et	al.	2019.	Remotely	sensed	estimation	of	vegetation	shifts	in	the	polar	
and	alpine	tree-line	ecotone	in	Finnish	Lapland	during	the	past	three	decades.	Forest	Ecology	and	Management	
454(1),	117668.	



	
	

	
	
	

182	

Vol.	10,	Issue	3,	June-2022	European	Journal	of	Applied	Sciences	(EJAS)	

Services	for	Science	and	Education	–	United	Kingdom	

Greenwood,	S.,	Chen,	J-C.,	Chen,	C-T.	&	Jump,	A.S.	2016.	Community	change	and	species	richness	reductions	in	
rapidly	advancing	tree	lines.	Journal	of	Biogeography	43,	2274-2284.	

Guo,	Q.,	Taper,	M.,	Shoenberger,	M.,	Brandle,	J.	2005.	Spatial-temporal	population	species	dynamics	across	
species	range:	from	centre	to	margin.	Oikos	108	(1),	47-57.	

Hammarlund,	D.,	Velle,	G.,	Wolfe,	B.B.	et	al.	2004.	Palaeolimnological	and	sedimentary	responses	to	Holocene	
forest	retreat	in	the	Scandes	Mountains,	west-central	Sweden.	Holocene	14(6),	862-876.	

Hedenås,	H.,	Olsson,	H.,	Jonasson,	C.,	Bergstedt,	J.,	Dahlberg,	U.	&	Callaghan,	T.	2011.	Changes	in	tree	growth,	
biomass	and	vegetation	over	a	13-year	period	in	the	Swedish	Sub-Arctic.	Ambio	20,	673-682.	

Hermes,	G.	1955.	Die	Lage	der	oberen	Waldgrenze	in	den	Gebirgen	der	Erde	und	ihr	Abstand	zur	Schneegrenze.	
Kölner	Geographische	Arbeiten	5,	1-276.	

Hofgaard,	A.,	Dalen,	L.,	Hytteborn,	H.	2009.	Tree	recruitment	above	the	treeline	and	potential	for	climate-driven	
treeline	change.	Journal	of	Vegetation	Science	20,	1133-1144.	

Hofgaard,	A.,	Tømmervik,	H.,	Rees,	G.	&	Hansen,	F.	2013.	Latitudinal	forest	advance	in	northernmost	Norway	
since	the	early	20th	century.	Journal	of	Biogeography	40,	938-949.	

Holmgren,	A.	1904.	Skogsbiologiska	studier	inom	Arjepluogs	och	Jockmocks	lappmarker.	Svenska	
Skogsvårdsföreningens	Tidskrift	2,	1-23.	

Holmgren,	B.	&	Tjus,	M.	1996.	Summer	air	temperatures	and	tree	line	dynamics	at	Abisko.	Ecological	Bulletins	
45,	159-169.	

Holtmeier,	F.-K.	2003.	Mountain	timberlines.	Ecology,	patchiness	and	dynamics,	Kluwer,	Dordrecht.	

Holtmeier,	F.-K.	&	Broll,	G.	2005.	Sensitivity	and	response	of	northern	hemisphere	altitudinal	and	polar	treelines	
to	environmental	change	at	landscape	and	local	scales.	Global	Ecology	and	Biogeography	14,	395-410	

Holtmeier,	F.-K.	&	Broll,	G.	2011.	Response	of	Scots	pine	(Pinus	sylvestris)	to	warming	climate	at	its	altitudinal	
limit	in	northernmost	subarctic	Finland.	Arctic	64,	269-	280.	

Jonsson,	T.H.	2004.	Stature	of	subarctic	birch	in	relation	to	growth	rate,	life	span	and	tree	form.	Annals	of	Botany	
24,753-762.	

Josefsson,	T.,	Gunnarson,	B,	Liedgren,	L.,	Bergman,	I.	&	Östlund,	L.	2010,	Historical	human	influence	on	forest	
composition	and	structure	in	boreal	Fennoscandia.	Canadian	Journal	of	Forest	Research	40,	872-884.	

Kallio,	P.	&	Mäkinen,	Y.	1978.	Vascular	Flora	of	Inari	Lapland.	4.	Betulaceae.	Reports	from	t	Kevo	Subarctic	
Research	Station	14,	38-63.	

Kaplan,	N.	&	New,	M.	2006.	Arctic	climate	change	with	a	2	°C	warming:	Timing,	climate	patterns	and	vegetation	
change.	Climatic	Change	79,	213-224	

Kellomäki,	S.,	Väisänen,	H.	&	Kolström,	T.	1997.	Model	computations	on	the	effects	of	elevating	temperature	and	
atmospheric	CO2	on	the	regeneration	of	Scots	pine	at	the	timber	line	in	Finland.	Climatic	Change	37,	683-708.	

Kharuk,	V.I.,	Im,	S.T.,	Dvinskakya,	M.L.	&	Ranson,	K.J.	2010.	Climate-induced	mountain	tree-line	evolution	in	
southern	Siberia.	Scandinavian	Journal	of	Forest	Research	25,	446-454.	

Kharuk,	V.I.,	Im,	S.T.	&	Petrov,	I.A,	2021.	Alpine	ecotone	in	the	Siberian	Mountains:	vegetation	response	to	
warming.	Journal	of	Mountain	Science	18(12),	3099-3108.	

Körner,	C.	2007.	Climatic	treelines:	conventions,	global	patterns,	causes.	Erdkunde	61,	316-324.	

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

Kullman,	L.	1979.	Change	and	stability	in	the	altitude	of	the	birch	tree-limit	in	the	southern	Swedish	Scandes	
1915-1975.	Acta	Phytogeographica	Suecica	65,	1-121.	

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



	
	

	
	
	

183	

Kullman, L. (2022). Forest-Limit (Betula pubescens ssp. czerepanovii) Performance in the Context of Gentle Modern Climate Warming. European 
Journal of Applied Sciences, 10(3). 168-185. 

URL:	http://dx.doi.org/10.14738/aivp.103.12369	

Kullman,	L.	1981b.	Some	aspects	of	the	ecology	of	the	Scandinavian	subalpine	birch	forest	belt.	Wahlenbergia	7,	
99-112.	

Kullman,	L.	1991.	Structural	change	in	a	subalpine	birch	woodland	in	North	Sweden	during	the	past	century.	
Journal	of	Biogeography	18,	53-62.	

Kullman,	L.	1998.	Tree-limits	and	montane	forests	in	the	Swedish	Scandes:	Sensitive	biomonitors	of	climate	
change	and	variability.	Ambio	27,	312-321.	

Kullman,	L.	2005.	Mountain	taiga	of	Sweden.	In:	Seppälä,	M.	(ed.).	The	Physical	Geography	of	Fennoscandia.	
Oxford	University	Press,	Oxford,	pp.	297-324	

Kullman,	L.	2010.	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.	2013.	Ecological	tree	line	history	and	palaeoclimate-	review	of	megafossil	evidence	from	the	Swedish	
Scandes.	Boreas	42,	555-567.	

Kullman,	L.	2014.	Trädgränsens	förändring	1974	till	2013.	Fotoserie	från	fjället	Östra	Barfredhågna	i	norra	
Dalarna.	Rapport	2014:09	Länsstyrelsen	Dalarnas	Län.	

Kullman,	L.	2015.	Higher-than-present	Medieval	pine	(Pinus	sylvestris)	treeline	along	the	Swedish	Scandes.	
Landscape	Online	42,	1-14.	

Kullman,	L.	2017a.	Melting	glaciers	in	the	Swedish	Scandes	provide	new	insights	into	palaeotreeline	
performance.	International	Journal	of	Current	Multidisciplinary	Studies	3(3),	607-618.	

Kullman,	L.	2017b.	Pine	(Pinus	sylvestris)	treeline	performance	in	the	southern	Swedish	Scandes	since	the	early	
20th	century.	Acta	Phytogeographica	90,	1-46.	

Kullman,	L.	2019.	Early	signs	of	a	fundamental	subalpine	ecosystem	shift	in	the	Swedish	Scandes-the	case	of	the	
pine	(Pinus	sylvestris	L.)	treeline	ecotone.	Geo-Öko	40,	122-175.	

Kullman,	L.	2021a.	Largest	rises	of	Swedish	treeline,	consistent	with	climate	change	since	the	early-20th	century.	
In:	Turkmen,	M.	(ed.).	Challenging	Issues	on	Environment	and	Earth	Science.	Vol.	6,	pp.	21-38.	Book	Publisher	
International.	

Kullman,	L.	2021b.	A	review	of	Abisko	case	study:	recent	and	past	trees	and	climates	at	the	Arctic/Alpine	margin	
in	Swedish	Lapland.	In:	Turkmen,	M.	(ed.).	Challenging	Issues	on	Environment	and	Earth	Science.	Vol.	2,	pp.1-25.	
Book	Publisher	International.	

Kullman,	L.	2021c.	Recently	enhanced	pine	(Pinus	sylvestris	L.)	regeneration	and	extensive	penetration	towards	
the	head	of	the	Handölan	Valley:	reversal	of	a	long-term	retrogressional	trend-contrasting	responses	to	climate	
change	of	tree-	and	forest	line.	In:	Kwong	Fai	Andrew	Lo	(ed).	Challenging	Issues	on	Environment	and	Earth	
Science.	Vol.	3,	pp.	44-58.	Book	Publisher	International.	

Kullman,	L.	2021d.	Recent	local	birch	forest	(Betula	pubescens	ssp.	czerepanovii)	evolution	in	the	treeline	ecotone	
of	the	Swedish	Scandes-response	to	earlier	snow-melt.	In:	Yanik,	T.	(ed.).	Recent	Advances	in	Biology.	Vol.	11,	pp.	
29-43.	Book	Publisher	International.		

Kullman,	L.	&	Kjällgren,	L.	2000.	A	coherent	postglacial	tree-limit	chronology	(Pinus	sylvestris	L.)	for	the	Swedish	
Scandes:	Aspects	of	paleoclimate	and	“recent	warming”,	based	on	megafossil	evidence.	Arctic,	Antarctic,	and	
Alpine	Research	32(4),	419-428.		

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

Kullman,	L.	&	Öberg,	L.	2015a.	New	aspects	of	high-mountain	palaeobiogeography:	A	synthesis	of	data	from	
forefields	of	receding	glaciers	and	ice	patches	in	the	Tärna	and	Kebnekaise	Mountains,	Swedish	Lapland.	Arctic	
68,	141-152.	

Kullman,	L.	&	Öberg,	L.	2015b.	Trädgräns	i	fjällen.	Sammanställning	och	utvärdering	av	metodstudie	för	
klimatrelaterad	miljöövervakning.	Länsstyrelsen	Jämtlands	län.	Rapport	Diarienummer	502-1091-2015.	



	
	

	
	
	

184	

Vol.	10,	Issue	3,	June-2022	European	Journal	of	Applied	Sciences	(EJAS)	

Services	for	Science	and	Education	–	United	Kingdom	

Kullman,	L.	&	Öberg,	L.	2018a.	A	one-hundred-year	study	of	the	upper	limit	of	tree	growth	(Terminus	arboreus)	
in	the	Swedish	Scandes-updated	and	illustrated	change	in	an	historical	perspective.	International	Journal	of	
Research	in	Geography	4(3),	10-35.	

Kullman,	L.	&	Öberg,	L.	2018b.	Fjällbjörkskogen	vår	unika	och	ständigt	föränderliga	nordiska	lövskog.	Förlag	
BoD,	Stockholm.	

Kullman,	L.	&	Öberg,	L.	2020.	Shrinking	glaciers	and	ice	patches	disclose	megafossil	trees	and	provide	a	vision	of	
the	Late-glacial	and	Early	post-glacial	subalpine/alpine	landscape	in	the	Swedish	Scandes.	Journal	of	Natural	
Sciences	8	(2),	16-31.	

Kullman,	L.	&	Öberg,	L.	2021.	Blatant	pine	(Pinus	sylvestris)	reclamation	of	treeline	teritory	lost	during	the	Little	
Ice	Age-an	aerial	perspective	in	a	warmer	climate,	depicted	in	the	Swedish	Scandes.	Geo-Öko	42,	39-61.	

Kullman,	L.	&	Öberg,	L.	2022.	Treeline	ecotone	progression	and	stability:	time	series	analysis	of	individual	
photographic	data	1973-2021	in	the	Swedish	Scandes.	European	Journal	of	Applied	Sciences	10(2),	468-498.	

Kvamme,	M.	1993.	Holocene	forest	limit	fluctuations	and	glacier	development	in	the	mountains	of	Southern	
Norway	and	their	relevance	to	climate	history.	Palaeoclimate	Research,	99-113.	

Laaksonen,	K.	1976.	The	dependence	of	mean	air	temperatures	upon	latitude	and	altitude	in	Fennoscandia.	
Annales	Academiae	Scientiarum	Fennicae	A3	199,	209-223.	

Liang,	E.,	Wang,	Y.,	Eckstein,	D.	&	Luo,	T.	2011.	Little	change	in	the	fir	tree-line	position	on	the	southeastern	
Tibetan	Plateau	after	200	years	of	warming,	New	Phytologist	190,	760-769.	

Lu,	X.,	Liang,	E.	&	Wang,	Y.	et	al.	2021.	Mountain	treelines	climb	slowly	despite	rapid	climate	warming.	Global	
Ecology	and	Biogeography	30,	305-315.	

MacDonald,	G.M.,	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.	

Macia-Fauria,	M.,	Forbes,	B.C.,	Zetterberg,	P	&.	Kumpala,	T.	2012.	Eurasian	Arctic	greening	reveals	
teleconnections	and	the	potential	for	structurally	novel	ecosystems.	Nature	Climate	Change	2,	613-618.	

Macias-Fauria,	M.	&	Johnson,	E.A.	2013.	Warming-induced	upslope	advance	of	subalpine	is	severely	limited	by	
geomorphic	processes.	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America	14,	
7971-7974.	

Matías,	L.	&	Jump,	A.S.	2012.	Interactions	between	growth,	demography	and	biotic	interactions	in	determining	
range	limits	in	a	warming	world:	The	case	of	Pinus	sylvestris.	Forest	Ecology	and	Management	282,	10-22.	

Moen,	J.,	Aune,	K.,	Edenius,	L.	&	Angerbjörn,	A.	2004.	Potential	effects	of	climate	change	on	treeline	position	in	the	
Swedish	Mountains.	Ecology	&	Society	9,	1-10.	

Nagy,	L.	2006.	European	high	mountain	(alpine)	vegetation	and	its	suitability	for	indicating	climate	impacts.	
Proceedings	of	the	Royal	Irish	Academy	1006B,	335-341.	

Öberg,	L.	&	Kullman,	L.	2012.	Contrasting	short-term	performance	of	mountain	birch	(Betula	pubescens	ssp.	
czerepanovii)	treeline	along	a	latitudinal	continentality-maritimity	gradient	in	the	southern	Swedish	Scandes.	
Fennia	190,	19-40.	

Olofsson,	J.,	Oksanen,	L.,	Callaghan,	T.,	Hulme,	P.E.,	Oksanen,	T.	&	Suominen,	O.	2009.	Herbivores	inhibit	climate-
driven	shrub	expansion	on	the	tundra.	Global	Change	Biology	15,	2681-2693.	

Östlund,	L.,	Hörnberg,	L.,	DeLuca,	T.H.	et	al.	2015.	Intensive	land	use	in	the	Swedish	Mountains	between	AD	800	
and	1200	led	to	deforestation	and	ecosystem	transformation	with	long-lasting	effects.	Ambio	44,	508-520.	

Rannow,	S.	2013.	Do	shifting	forest	limits	in	south-west	Norway	keep	up	with	climate	change?	Scandinavian	
Journal	of	Forest	Research	28,	574-580.	

Rössler,	O.,	Bräuning,	A	&	Löffler,	J.	2008.	Dynamics	and	driving	forces	of	treeline	fluctuation	and	regeneration	in	
central	Norway	during	the	past	decades.	Erdkunde	62,	117-128.	



	
	

	
	
	

185	

Kullman, L. (2022). Forest-Limit (Betula pubescens ssp. czerepanovii) Performance in the Context of Gentle Modern Climate Warming. European 
Journal of Applied Sciences, 10(3). 168-185. 

URL:	http://dx.doi.org/10.14738/aivp.103.12369	

Rundqvist,	S.,	Hedenås,	H.,	Sandström,	U.,	Emanuelsson,	U.,	Eriksson,	H.,	Jonasson,	C.,	Callaghan,	T.	2011.	Tree	and	
shrub	expansion	over	the	past	34	years	at	the	tree-line	near	Abisko,	Sweden.	Ambio	40,	683-691.	

Sernander,	R.	2005.	Flytjord	i	svenska	fjälltrakter.	Geologiska	Föreningens	i	Stockholm	Förhandlingar	27,	42-84.	

Shackleton,	C.M.	&	Prins,	F.	1992.	Charcoal	analysis	and	the	“Principle	of	Least	Effort”-	a	conceptual	model.	
Journal	of	Archaeological	Science	19,	631-637.	

Smith,	H.	1920.	Vegetationen	och	dess	utvecklingshistoria	i	det	centralsvenska	högfjällsområdet.	Almqvist	&	
Wiksell,	Uppsala.	

Sormunen,	H,	Virtanen,	R.	&	Luoto,	M.	2011.	Inclusion	of	local	environmental	conditions	alters	high-latitude	
vegetation	change	predictions	based	on	bioclimatic	models.	Polar	Biology	34,	883-897.	

Svenning,	J.-C.	&	Sandel,	B.	2013.	Disequilibrium	vegetation	dynamics	under	future	climate	change.	American	
Journal	of	Botany	100,	1266-1286.	

Sykes,	M.	&	Prentice,	I.C.	1996.	Climate	change,	tree	species	distributions	and	forest	dynamics:	a	case	study	in	the	
mixed	conifer/northern	hardwood	zone	of	northern	Europe.	Climatic	Change	34,	161-177.	

Theurillat,	J.P.	&	Guisan,	A.	2011.	Potential	impacts	of	climate	on	vegetation	in	the	European	Alps.	Climatic	
Change	50,	77-109.	

Tømmervik,	H.,	Johansen,	B.,	Riseth,	J.Å.,	Karlsen,	S.R.,	Solberg,	B.	&	Høgda,	K.A.	2009.	Above	ground	biomass	
changes	in	the	mountain	birch	forests	and	mountain	heaths	of	Finnmarksvidda,	northern	Norway,	in	the	period	
1957-2006.	Forest	Ecology	and	Management	257,	244-257.	

Tranquillini,	W.	1979.	Physical	ecology	of	the	alpine	timberline.	Ecological	Studies,	31	Springer,	Berlin.		

Treter,	U.	1984.	Die	Baumgrenzen	Skandinaviens.	Ökologische	und	dendroklimatische	Untersuchungen.	Franz	
Steiner	Verlag,	Wiesbaden.	

Van	Bogaert,	R.,	Haneca,	K.,	Hoogesteger,	J.,	Jonasson,	C.,	Dapper,	M.	&	Callaghan,	T.	2011.	A	century	of	treeline	
changes	in	Sub-Arctic	Sweden	shows	local	and	regional	variability	and	only	minor	influence	of	20th	century	
climate	warming.	Journal	of	Biogeography	38,	907-921.	

Willis,	K.J.	&	MacDonald,	G.M.	2011.	Long-term	ecological	records	and	their	relevance	to	climate	change	
predications	for	a	warmer	world.	Annual	Review	of	Ecology,	Evolution	and	Systematics	42,	267-287.	

	

		
	
	
	
	
	

View publication stats

https://www.researchgate.net/publication/360897416

