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Abstract: One of the effects of climate change is, among others, changes to forest ecosystems.
Research Highlights: Temperature increases and upward tree line shifts are linked in many studies.
However, the impact of climate change on tree lines has not been studied in Greece. Background
and Objectives: The aim of this study is to assess the relation of tree line shifts and climate change
in Olympus mountain, and especially in a protected area. Materials and Methods: In the Olympus
mountain, which includes a protected area (the Olympus National Park core) since 1938, GIS data
regarding forest cover were analyzed, while climate change from a previous study is presented.
Results: Forest expansion and an upward tree line shift are proven in the Olympus mountain area.
In the National Park core, the tree line shift is the result of climate change and attributed to the
significant temperature increase in the growing season. Conclusions: There are strong indications
that a temperature increase leads to an upward shift of the tree lines in the National Park core.
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1. Introduction

The natural environment is expected to be strongly impacted by global warming. Wide parts of
Southern Europe will be affected severely by climate impacts [1]. One of the major effects of climate
change on forest ecosystem is changes in forest boundaries, with upward shifts in tree lines [2–5].
According to Paulsen et al. [6], there is an abrupt shift in the growth rates of the tree line, especially in
plant species such as Alpine [6]. As Motta and Nola [7] postulate, there are significant growth trends
and changing aspects of the alpine plant communities and species compositions [7]. Young trees are
known for responding to the environmental change and their establishment in forest gaps close to the
tree line may be seen in many areas [8–10]. However, it is important to understand the drivers of these
trends in the alpine ecological community [11].

Firstly, these trends could be a result of a significant shift in climate change. Due to the temperature
changes, alpine trees are directly influenced; therefore, it is anticipated to lead to structural shifts of the
composition of trees and in a rise of the alpine tree line [7].

A probable tree line shift of around 200 m is expected to be found in the Swiss Alps as an effect
of changes in the climate that have been experienced since 1980 [12,13]. The shift can be calculated
by looking at the difference in temperatures between altitudes—a linear reduction in temperature of
0.55 ◦C per 100 m elevation was recorded. Walther et al. [10] discovered that the vegetation in the
southeastern Swiss Alps had also experienced constant change since 1985, and concluded that the
change in vegetation was resulted by an increased temperature at the related sites.

This research will entail an examination to determine the connection of shift tree lines and climate
change. This examination will be conducted by answering the following questions: 1. Is there a tree
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line shift in Olympus mountain? 2. Is there a significant temperature or/and precipitation variability in
Olympus mountain? Positive responses to the above can justify the dependence of tree line shifts on
climate change in the protected area of the mountain (i.e., the National Park core), given that this area
was declared a National Park in 1938 (the core of the National Park is approximately 4000 ha) and,
at least since 1981 [14], no management was implemented.

2. Materials and Methods

2.1. Study Area

The study area is the central part of Olympus mountain that was bare of vegetation (meadow) in
1960. Apart from its historical value and importance in Greek mythology, which are recognized not
only in Greece but also in Europe and worldwide, Olympus mountain is also noted for its ecological
value, regarding its exceptional biodiversity and rich flora.

Olympus mountain is the highest mountain in Greece, with varying elevations. Its type of climate,
according to the Köppen climate classification, is Cfb = temperate oceanic climate, meaning that the
coldest month averages above 0 or −3 ◦C, and all months have average temperatures below 22 ◦C,
and at least four months average above 10 ◦C. There is no significant precipitation difference between
seasons. This climate description of the study area is based on meteorological data of the nearest
meteorological station to the study area, Litochoro (coordinates, 40.091 N, 22.361 E; elevation 2579 m;
climate data for the period 1901–2018) [15]. These data are illustrated in a climate chart (Figure 1).
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Figure 1. Ombrothermic diagram of Litochoro [15].

Today the Olympus National Park Management Agency manage a larger area than the core area
of the National Park. This area has ecological importance, due to the rare and useful flora and fauna
environment. The area also carries geomorphological formations and stream of waters. The area is
protected through a legal arrangement that ensures that the park maintains its ecological friendly
environment. Furthermore, the park became the first area to be regulated by a Royal Decree; the Decree
was issued in 1938. The law was, however, enacted in 1985, when the park became fully operational.
The area has been classified by the United Nations Educational, Scientific and Cultural Organization
(UNESCO) as a biosphere reserve since 1981. The area offers a natural environment for the conservation
of wild birds, and is protected by the NATURA 2000 Network program, which is certified by the
habitats directives for wild birds [16].
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Olympus consists mainly of dolomite limestones and marbles of various dimensions and
ages. Gneisses are found on the western slopes of Mount Olympus, and flysch occurs locally.
The predominance of limestone significantly affects the climate and the appearance of vegetation [17].

2.2. Forest Cover and Tree Line Shift

Forest expansion in the study area was quantified using data from the Hellenic Military
Geographical Service, for the year 1960 [18], and the National Cadastre and Mapping Agency S.A.
company, for the year 2020 [19]. Aerial photographs of the year 1960 were purchased by the Hellenic
Military Geographical Service, along with a license. For the year 2020, mosaics of orthophotographs
were used, which were purchased from the National Cadastre and Mapping Agency S.A. company [19].
Geographic data from the ASTER GDEM v2 Worlwide Elevation Data (1 arc-second Resolution) were
used [20]. Data were analyzed by using QGIS (free software) [21] and Global Mapper (partially licensed
software) [22].

There are many terms regarding the shift of vegetation covered areas to bare areas [23]. In this
study, in both measurements (for the years 1960 and 2020), the tree line was considered to be the line
created by the limits of closed forest.

2.3. Climate Change

The assumption that the climate has really changed in the study area is based entirely on the work
of Klesse et al. [24]. The dendrochronological investigation of black pine (Pinus nigra Arn.) from the
Olympus mountain, extending from 850 to 1700 m in elevation, conducted by Klesse et al. [24] using
the standard dendrochronological technique of Stokes and Smiley [25], showed significant long-term
deviations in temperature and precipitation over time, with summers tending to be significantly
warmer (late summer) and wetter (early summer) than the summers of the last century.

3. Results–Discussion

3.1. Forest Cover and Tree Line Shift

During the last 60 years, Olympus mountain lost more than one quarter of its area bare of forest
vegetation. The study area that we have digitized for 1960 was calculated to have an area equal to
126.536 km2; this was area bare of forest vegetation (including alpine mountain meadow). The area
bare of forest vegetation, bounded by the tree line, in the year 2020, was calculated equal to 88.185 km2

(Figure 2).
More analytically, in the east side there is a decrease in the area bare of forest vegetation,

i.e., an increase in the forested area, by 7.088 km2, in the west side by 16,637 km2, in the south side by
9.688 km2, and in the north side by 4.937 km2. In the core of the National park, the increase in the
forested area is 3.837 km2. Besides forest expansion (increase by 38.351 km2), in Figure 2 we observe
that, at some points the new tree lines touch the old ones, while they have a general upwards trend.
However, in a very few spots (mainly in north side), the forest retreated slightly in 2020 compared
to 1960.

In the east side, the lowest altitude of the tree line in 1960 was 1848 m, while in 2020 in that
particular area the altitude of the tree line goes up to 2082 m. On the same side, in 2020, the highest
altitude of the tree line was 2496 m, while in 1960 that particular area was 2138 m. On the west side the
lowest altitude of the tree line in 1960 was 1132 m, while in 2020 that particular area goes up to 1629 m.
On the same side, in 2020, the highest altitude of the tree line was 2230 m, while in 1960 that particular
area was 1595 m. On the north side, the lowest altitude of the tree line in 1960 was 1568 m, while in
2020 that particular area goes up to 1800 m. On the same side, in 2020, the highest altitude of the tree
line was 2000 m, while in 1960 that particular area was 1750 m. On the south side, the lowest altitude
of the tree line in 1960 was 1285 m, while in 2020 that particular area goes up to 1661 m. On the same
side, in 2020, the highest altitude of the tree line was 2230 m, while in 1960 that particular area was
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1595 m. The core of the National Park (declared in 1938) exhibits the tree line altitudes of the east side,
since it is incorporated in that side and the described altitudes appear in the core.
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3.2. Climate Change and Land Use Changes

According to the results of this study, the highest tree line altitude in Olympus is 2496 m. According
to Theodoropoulos et al. [26] the forest in Olympus approximately reaches the altitude of 2500 m.

A tree line ascent involves changes in a number of consecutive processes (viable seed production,
seed spreading, appropriate regeneration sites, germination, seedlings survival and growth);
consequently, changes in temperature and precipitation alone does not unavoidably mean that
there will be a tree line shift [27,28]. Even with the tree line shift, the climate change relationship is
very complex, on a global scale, and one of the main factors that affects tree lines is the temperature
of the growing season [29,30]. Forest expansion with an upward shift of the tree line is linked to a
temperature increase [10,31–35]; however, changes in land use have a great impact on the upward
shift of the tree line [12,36]. Human activities such as the grazing of domesticated animals affect tree
mountain lines [37]. Moreover, Speed et al. [38] mention that, along with climate change, changes of
land use have to be considered as factors affecting tree line ecotone shifts. Grazing strongly affects
forests in Greece [39–41]. Near the west side of the study area there are villages where the grazing
of domesticated animals was one of the main land uses [17,42]. Grazing is a significant disturbance
factor in the area of the Olympus mountain [17,26]. The movement of the tree line at higher altitudes
in almost the entire study area, and, especially in the west side, is strongly related to the gradual
abandonment of the traditional land use. This is obvious from the altitude where the area bare from
vegetation is observed in most areas in 1960 and in 2020. The abandonment of grazing and other land
uses is a crucial factor in the formation of structures and in the development of patterns of forests in
mountainous areas [43,44]. However, it seems that, in the National Park core, the tree line shift is,
actually, the result of climate change. Given the fact that there was a significant change in climate in the
area, this conclusion is based on the following facts: (a) there were no villages and consequently there
were no human-induced disturbances in the vicinity of the core, (b) human activities such as grazing
have been forbidden since 1981 [14]—most likely grazing had stopped many years before 1981, due to
the protection status of the core—(c) the steep ground slopes of many areas of the core make the area
unsuitable for gazing and (d) the elevation of the tree line changes between 1960 and 2020.
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The shift in the tree line in the entire study area (not just the National Park core) is significant,
and, even though the study area is not protected (except for the National Park), climate change
probably accelerated the tree line shift in general. The influences of climate change and the reduction
in or the elimination of grazing are difficult to study separately [37,45]. Unfortunately, there are no
available livestock data for the study area in order to assess the impact of grazing on the tree line shift.
The only official livestock data are those of the Greek Payment Authority of Common Agricultural
Policy (CAP) Aid Schemes (url: http://aggregate.opekepe.gr), and are available only for the East
Olympos, and only for the period 2011–2014 (after 2014 the neighboring municipalities were merged;
consequently, livestock data were aggregated for a number of municipalities and are not comparable
with those before 2014). Nevertheless, since there was no management implemented in the Olympus
National Park core (absence of grazing for many decades), we can claim that the cause of the tree line
shift in the National Park core is, exclusively, climate change.

4. Conclusions

An increase in forest cover by 38.351 km2 with an upward shift of the tree line from 1960 to 2020,
has been noted in Olympus mountain, while the corresponding area for the Olympus National Park
core is 3.837 km2. The movement of the tree line at higher altitudes in almost the entire study area,
and especially on the west side, is related to the gradual abandonment of the traditional land use,
i.e., grazing. However, in the Olympus National Park core, the tree line shift is solely the result of
climate change in the area, and more specifically because of warmer summers. This conclusion is
based mainly on the protection status of the core (absence of grazing for many decades), combined
with other factors such as altitude changes of the tree line, and steep slopes.

The forested areas are likely to increase further, if the climate keeps getting warmer. Future research
should focus on long-term and area-wide observations of regeneration and tree growth. It should also
catch more factors that affect the tree line ecotone and recognize any hidden facilitators.
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2. Cudlín, P.; Klopčič, M.; Tognetti, R.; Máli&, F.; Alados, C.L.; Bebi, P.; Grunewald, K.; Zhiyanski, M.;
Andonowski, V.; La Porta, N.; et al. Drivers of treeline shift in different European mountains. Clim. Res.
2017, 73, 135–150. [CrossRef]

3. Mainali, K.; Shrestha, B.; Sharma, R.; Adhikari, A.; Gurarie, E.; Singer, M.; Parmesan, C. Contrasting responses
to climate change at Himalayan treelines revealed by population demographics of two dominant species.
Ecol. Evol. 2020, 10, 1209–1222. [CrossRef] [PubMed]

4. Naccarella, A.; Morgan, J.; Cutler, S.; Venn, S. Alpine treeline ecotone stasis in the face of recent climate
change and disturbance by fire. PLoS ONE 2020, 15, e0231339. [CrossRef]

5. Lett, S.; Dorrepaal, E. Global drivers of tree seedling establishment at alpine treelines in a changing climate.
Funct. Ecol. 2018, 32, 1666–1680. [CrossRef]

http://aggregate.opekepe.gr
http://dx.doi.org/10.3354/cr01465
http://dx.doi.org/10.1002/ece3.5968
http://www.ncbi.nlm.nih.gov/pubmed/32076508
http://dx.doi.org/10.1371/journal.pone.0231339
http://dx.doi.org/10.1111/1365-2435.13137


Forests 2020, 11, 985 6 of 7

6. Paulsen, J.; Weber, U.M.; Körner, C. Tree growth near tree line: Abrupt or gradual reduction with altitude?
Arct. Antarct. Alp. Res. 2000, 32, 14–20. [CrossRef]

7. Motta, R.; Nola, P. Growth trends and dynamics in subalpine forest stands in the Varaita Valley (Piedmont,
Italy) andtheir relationships with human activities and global change. J. Veg. Sci. 2001, 12, 219–230.
[CrossRef]

8. Keller, F.; Kienast, F.; Beniston, M. Evidence of response of vegetation to environmental change on
high-elevation sites in the Swiss Alps. Reg. Environ. Chang. 2000, 1, 70–77. [CrossRef]

9. Pauli, H.; Gottfried, M.; Grabherr, G. High summits of the Alps in a changing climate. The oldest observation
series on high mountain plant diversity in Europe, 2001. In Fingerprints of Climate Change. Adapted Behaviour
and Shifting Species Ranges; Walther, G.R., Burga, C.A., Edwards, P.J., Eds.; Springer: Boston, MA, USA, 2001;
pp. 139–149.

10. Walther, G.; Beißner, S.; Burga, C. Trends in the upward shift of alpine plants. J. Veg. Sci. 2005, 16, 541–548.
[CrossRef]

11. Körner, C. Alpine Plant Life-Functional Plant Ecology of High Mountain Ecosystems, 2nd ed.; Springer:
Berlin/Heidelberg, Germany, 2000.

12. Gehrig-Fasel, J.; Guisan, A.; Zimmermann, N. Tree line shifts in the Swiss Alps: Climate change or land
abandonment? J. Veg. Sci. 2007, 18, 571–582. [CrossRef]

13. Jones, P.D.; Moberg, A. Hemispheric and large-scale surface air temperature variations: An extensive revision
and an update to 2001. J. Clim. 2003, 16, 206–223. [CrossRef]

14. Mount Olympus—United Nations Educational, Scientific and Cultural Organization. Available online:
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/
europe-north-america/greece/mount-olympus/ (accessed on 5 May 2020).

15. Harris, I.C.; Jones, P.D.; Osborn, T. CRU TS4.04: Climatic Research Unit (CRU) Time-Series (TS)
version 4.04 of high-resolution gridded data of month-by-month variation in climate (January 1901–
December 2019). Cent. Environ. Data Anal. 2020, 25. Available online: https://catalogue.ceda.ac.uk/uuid/

89e1e34ec3554dc98594a5732622bce9/ (accessed on 5 May 2020).
16. Olympus National Park Management Agency. Available online: https://olympusfd.gr/ (accessed on 5 May 2020).
17. Bitos, I. The National Park of Mt Olympus in the International Status of Protected Areas—Problems of Its

Management. MSc Thesis, Aristotle University of Thessaloniki, Thessaloniki, Serres, Greece, 2009. (In Greek).
18. Hellenic Military Geographical Service. Available online: http://web.gys.gr/portal/ (accessed on 5 May 2020).
19. The National Cadastre & Mapping Agency S.A. Available online: https://www.ktimatologio.gr/ (accessed on

5 May 2020).
20. ASTER Global Digital Elevation Map. Available online: https://asterweb.jpl.nasa.gov/gdem.asp (accessed on

5 May 2020).
21. Welcome to the QGIS Project! Available online: https://www.qgis.org/en/site/ (accessed on 5 May 2020).
22. Global Mapper-All-in-One GIS Software. Available online: https://www.bluemarblegeo.com/global-mapper/

(accessed on 5 May 2020).
23. Holtmeier, F.K. Mountain Timberlines: Ecology, Patchiness, and Dynamics. Adv. Glob. Chang. Res. 2009, 36,

11–28.
24. Klesse, S.; Ziehmer, M.; Rousakis, G.; Trouet, V.; Frank, D. Synoptic drivers of 400 years of summer

temperature and precipitation variability on Mt. Olympus, Greece. Clim. Dyn. 2014, 45, 807–824. [CrossRef]
25. Stokes, M.A.; Smiley, T. An Introduction to Tree-Ring Dating; University of Chicago Press: Chicago, IL, USA, 1968.
26. Theodoropoulos, K.; Xystrakis, F.; Eleftheriadou, E.; Samaras, D. Vegetation Zones and Habitat Types in

the Area of Responsibility of the Management Agency of Olympus National Park [In Greek with English
Abstract]. In Scientific Annals of the Faculty of Forestry and Natural Environment; ME/2002/45; Aristotle
University: Thessaloniki, Greece, 2011.

27. Kullman, L. Tree line population monitoring of Pinus sylvestris in the Swedish Scandes, 1973–2005:
Implications for tree line theory and climate change ecology. J. Ecol. 2007, 95, 41–52. [CrossRef]

28. Wang, T.; Zhang, Q.-B.; Ma, K. Tree line dynamics in relation to climatic variability in the central Tianshan
Mountains, northwestern China. Glob. Ecol. Biogeogr. 2006, 15, 406–415. [CrossRef]

29. Harsch, M.A.; Hulme, P.E.; McGlone, M.S.; Duncan, R.P. Are treelines advancing? A global meta-analysis of
treeline response to climate warming. Ecol. Lett. 2009, 12, 1040–1049. [CrossRef]

http://dx.doi.org/10.1080/15230430.2000.12003334
http://dx.doi.org/10.2307/3236606
http://dx.doi.org/10.1007/PL00011535
http://dx.doi.org/10.1111/j.1654-1103.2005.tb02394.x
http://dx.doi.org/10.1111/j.1654-1103.2007.tb02571.x
http://dx.doi.org/10.1175/1520-0442(2003)016&lt;0206:HALSSA&gt;2.0.CO;2
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/europe-north-america/greece/mount-olympus/
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/europe-north-america/greece/mount-olympus/
https://catalogue.ceda.ac.uk/uuid/89e1e34ec3554dc98594a5732622bce9/
https://catalogue.ceda.ac.uk/uuid/89e1e34ec3554dc98594a5732622bce9/
https://olympusfd.gr/
http://web.gys.gr/portal/
https://www.ktimatologio.gr/
https://asterweb.jpl.nasa.gov/gdem.asp
https://www.qgis.org/en/site/
https://www.bluemarblegeo.com/global-mapper/
http://dx.doi.org/10.1007/s00382-014-2313-3
http://dx.doi.org/10.1111/j.1365-2745.2006.01190.x
http://dx.doi.org/10.1111/j.1466-822X.2006.00233.x
http://dx.doi.org/10.1111/j.1461-0248.2009.01355.x


Forests 2020, 11, 985 7 of 7

30. Körner, C.; Paulsen, J. A world-wide study of high altitude treeline temperatures. J. Biogeogr. 2004, 31,
713–732. [CrossRef]

31. Banerjee, K.; Gatti, R.; Mitra, A. Climate change-induced salinity variation impacts on a stenoecious mangrove
species in the Indian Sundarbans. Ambio 2016, 46, 492–499. [CrossRef]

32. Beckage, B.; Osborne, B.; Gavin, D.; Pucko, C.; Siccama, T.; Perkins, T. A rapid upward shift of a forest
ecotone during 40 years of warming in the Green Mountains of Vermont. Proc. Natl. Acad. Sci. USA 2008,
105, 4197–4202. [CrossRef]

33. Gatti, R.C.; Callaghan, T.; Velichevskaya, A.; Dudko, A.; Fabbio, L.; Battipaglia, G.; Liang, J. Accelerating
upward treeline shift in the Altai Mountains under last century climate change. Sci. Rep. 2019, 9, 7678.
[CrossRef]

34. Liang, E.; Wang, Y.; Eckstein, D.; Luo, T. Little change in the fir tree-line position on the southeastern Tibetan
Plateau after 200 years of warming. New Phytol. 2011, 190, 760–769. [CrossRef] [PubMed]

35. Walther, G.; Post, E.; Convey, P.; Menzel, A.; Parmesan, C.; Beebee, T.; Fromentin, J.M.; Hoegh-Guldberg, O.;
Bairlein, F. Ecological responses to recent climate change. Nature 2002, 416, 389–395. [CrossRef] [PubMed]

36. Peñuelas, J.; Boada, M. A global change-induced biome shift in the Montseny mountains (NE Spain).
Glob. Chang. Biol. 2003, 9, 131–140. [CrossRef]

37. Aas, B. Climatically Raised Birch Lines in Southeastern Norway 1918–1968. Nor. Geogr. Tidsskr. 1969, 23,
119–130. [CrossRef]

38. Speed, J.; Austrheim, G.; Hester, A.; Mysterud, A. Experimental evidence for herbivore limitation of the
treeline. Ecology 2010, 91, 3414–3420. [CrossRef]

39. Bergmeier, E.; Dimopoulos, P. Identifying plant communities of thermophilous deciduous forest in Greece:
Species composition, distribution, ecology and syntaxonomy. Plant Biosyst. 2008, 142, 228–254. [CrossRef]

40. Milios, E.; Pipinis, E.; Petrou, P.; Akritidou, S.; Smiris, P.; Aslanidou, M. Structure and regeneration patterns
of the Juniperus excelsa Bieb. stands in the central part of the Nestos valley in the northeast of Greece, in the
context of anthropogenic disturbances and nurse plant facilitation. Ecol. Res. 2007, 22, 713–723. [CrossRef]

41. Milios, E.; Pipinis, E.; Kitikidou, K.; Batziou, M.; Chatzakis, S.; Akritidou, S. Are sprouts the dominant form
of regeneration in a lowland Quercus pubescens—Quercus frainetto remnant forest in Northeastern Greece? A
regeneration analysis in the context of grazing. New For. 2014, 45, 165–177. [CrossRef]

42. Nezis, N. Olympus (Geography-Nature-Culture-Tour-Mountaineering-Climbing-Place Names-Bibliography);
Anavasis Publications: Athens, Greece, 2003. (In Greek)

43. Garbarino, M.; Lingua, E.; Weisberg, P.; Bottero, A.; Meloni, F.; Motta, R. Land-use history and topographic
gradients as driving factors of subalpine Larix decidua forests. Landsc. Ecol. 2012, 28, 805–817. [CrossRef]

44. Milios, E. Dynamics and development patterns of Pinus sylvestris L.-Fagus sylvatica L. stands in central
Rhodope. Silva Gandav. 2000, 65, 154–172. [CrossRef]

45. Bryn, A.; Potthoff, K. Elevational treeline and forest line dynamics in Norwegian mountain areas—A review.
Landsc. Ecol. 2018, 33, 1225–1245. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1365-2699.2003.01043.x
http://dx.doi.org/10.1007/s13280-016-0839-9
http://dx.doi.org/10.1073/pnas.0708921105
http://dx.doi.org/10.1038/s41598-019-44188-1
http://dx.doi.org/10.1111/j.1469-8137.2010.03623.x
http://www.ncbi.nlm.nih.gov/pubmed/21288245
http://dx.doi.org/10.1038/416389a
http://www.ncbi.nlm.nih.gov/pubmed/11919621
http://dx.doi.org/10.1046/j.1365-2486.2003.00566.x
http://dx.doi.org/10.1080/00291956908542805
http://dx.doi.org/10.1890/09-2300.1
http://dx.doi.org/10.1080/11263500802150357
http://dx.doi.org/10.1007/s11284-006-0310-7
http://dx.doi.org/10.1007/s11056-013-9399-z
http://dx.doi.org/10.1007/s10980-012-9792-6
http://dx.doi.org/10.21825/sg.v65i0.814
http://dx.doi.org/10.1007/s10980-018-0670-8
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Forest Cover and Tree Line Shift 
	Climate Change 

	Results–Discussion 
	Forest Cover and Tree Line Shift 
	Climate Change and Land Use Changes 

	Conclusions 
	References

