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Abstract 

Climate change, with a higher temperature, is making the snow covered period shorter in the 

Swedish mountain region. This represents a threat towards plant species at high altitudes which, 

due to their sensitivity to temperature changes, will likely lead to a change in plant species 

composition. The purpose of this study was to determine if there has been any change in 

vegetation cover in the Swedish mountain region and if temperature has changed, based on data 

from a long-term monitoring program called National Inventory of Landscapes in Sweden 

(NILS), and data collected from the Swedish Meteorological and Hydrological Institute 

(SMHI). The NILS program has conducted three different inventories from 2003 – 2018 in 

which Sweden is divided into 10 stratums. Further, NILS divided Sweden into 631 survey 

quadrates (5x5 km), which of 145 were distributed across the Swedish mountain region. Linear 

regression analysis was used to determine if there had been any change in the average vegetation 

cover, or in the cover of lichens, mosses and herbs, and to assess if there had been any change 

in temperature during the sample years 2003 – 2018. The results showed that the vegetation 

cover in both the sample blocks of 20 m radius and smaller sample areas 0.252 m had no 

significant change. Neither did the cover of herbs or the average temperature. The period of 

2003 – 2018 might have been too short of a period to see any kind of difference in the 

temperature and the herbs might have a difficult time surviving due to a long drought period 

and hence they have not been able to increase their average cover. Results of lichens and mosses 

showed a significant increase in cover which could be because they can withstand drought better 

than herbs and therefore have a better chance of surviving the rise in temperature. In conclusion 

I observed no change in the cover of vegetation but there is an increasing cover of lichens and 

mosses in the Swedish mountain regions.  

 

Sammanfattning 

Klimatförändring med en högre temperatur leder till att den snötäckta perioden är kortare i det 

svenska fjällområdet. Detta är ett hot mot växtarter som redan befinner sig på gränsen av sin 

extrema klimatzon och kommer med stor sannolikhet leda till en förändring i kompositionen av 

växtarter. Syftet med denna studie var att fastställa om det har blivit någon förändring i 

vegetationstäcket i det svenska fjällområdet och om det finns en förändring i temperaturen med 

hjälp av data från Nationell Inventering av Landskapet i Sverige (NILS) och data insamlat av 

Sveriges Meteorologiska och Hydrologiska Institut (SMHI). NILS programmet har i dagsläge 
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utfört inventering vid 3 olika perioder fördelade mellan 2003 – 2018 och dom har delat upp 

Sverige i 10 olika stratum där stratum 10 är fjällområdet. Vidare har dom delat in Sverige i 631 

inventerings rutor, varav 145 ligger i fjällområdet. Lineär regression analys användes för att se 

om det blivit någon förändring i täckningen av vegetationen, lavar, mossor och örter, samt för 

att se om temperaturen förändrats under inventeringsåren 2003 – 2018. Resultatet av täckningen 

på vegetationen i 20 m radie samt de små provområdena på 0,252 visade inte någon antydan på 

signifikant skillnad. Det gjorde inte heller resultatet på täckningen av örter eller 

medeltemperaturen. 2003 – 2018 kan ha varit alldeles för kort för att avgöra om det har blivit 

någon förändring i medeltemperaturen och örter kan ha de svårare att överleva då torrperioden 

blivit längre på grund utav den kortare snötäckta perioden. Mossor och lavar hade dock båda 

en ökning i sin täckning vilket kan förklaras med att många arter kan lagra vätska under en lång 

tid och har därmed en större chans att överleva en stigande temperatur. Slutsatsen är att sedan 

2003 förekommer det inte någon förändring i vegetationstäcket, däremot finns det en ökad 

täckning av lavar och mossor i det svenska fjällområdet.  

 

Introduction 

Several studies show that the climate is changing towards warmer temperatures, which comes 

with a variety of problems. According to The Nature Conservancy (TNC), a global 

environmental organization, climate change is a big threat to conservation and there is an 

estimation that we will in the future lose the ability to sustain biodiversity due to the alterations 

that climate change will bring. Animals and plant species that we have endeavored to protect 

will be faced by untenable conditions in the future (Change, 2007).  

The impact of the temperature change can be seen in mountain regions worldwide with a 

rise in temperature and the Intergovernmental Panel on Climate Change (IPCC) has created a 

report that concludes and highlights the importance of keeping the increase in temperature 

below 1.5°C (Beniston, 2003; IPCC, 2001). Keeping the temperature beneath this threshold 

will reduce the negative impacts and frequency of extreme events, on biodiversity, ecosystems, 

resources and carbon removal (Hoegh-Guldberg et al., 2018). 

The Swedish Meteorological and Hydrological Institute (SMHI) have collected and 

studied the data from their weather stations as far back as 1860 (SMHI, 2013). According to 

SMHI there is an agreement on a national level that the average temperature from the years 

1961 – 1990 is to be seen as a normal period of average temperature for which future years can 

be compared to. The period of 1991 – 2016 has since then been compared to the normal period 

and according to these results, it shows that the average temperature has risen 1.0 ºC within 



4 
 

Sweden. Some areas in the Swedish mountain regions however, showed that the average 

temperature has gone up by as much as 1.5 ºC (SMHI, 2018). 

For some plant species temperature is a major factor since these plant species may have 

a pronounced sensitivity towards temperature and already exist close to the limit of their climate 

range. Therefore, some of the most obvious changes, because of climate change, are the 

dislocation and decline in the abundance of certain plant species. During the past century, the 

increase in temperature has clearly influenced the glaciers in Sweden, which in turn has 

influenced vegetation cover. In 1930, the glacier edges started to retreat and subsequently the 

vegetation has moved higher and higher in altitude (Kraus, Zang, & Menzel, 2016; Kullman, 

2003). Glaciers in the mountains have become more threatened throughout many places of 

Europe, not just in Sweden, according to IPCC (2001). The changes of the glaciers retreating 

means that areas which are normally snow covered year-round are now completely uncovered 

by the end of summer, and at times the uncovered season last up until the beginning of 

December. The result of the ground being uncovered is that there will be a longer drought period 

due to the lack of water and a prolonged vegetation growth period for species. The increase in 

temperature therefore changes the requirements for the vegetation growing in the mountain area 

and plant species that already live at their temperature limit may consequently disappear from 

certain altitudes that have become warmer (Kullman, 2003). 

Hence, a changing climate can lead to an alteration in the growth period for plant species. 

According to SMHI the growth period for plants has become longer in the northern parts of 

Sweden. A study based on the past 40 years from 16 different weather stations in northern 

Svealand and Norrland shows that the growth period has become longer by almost 2 weeks 

(SMHI, 2019). 

With a warmer temperature and a longer growth period, opportunities arise for new plant 

species to establish themselves at higher altitudes, which was not possible before. Within the 

normal average temperature, it would have been too cold, exceeding the new plant species 

extreme temperature range to be able to grow and reproduce at a higher altitude. With a 

changing climate in the mountain regions new plant species may establish and proliferate, 

which could be catastrophic for local species since the local species might not have evolved 

any adaptations to deal with this new competition. The new species would be seen as invasive 

to the local area and can put pressure on the competition of resources in the habitat (Primarck 

& Sheer, 2016). If the temperature rises and affects the Swedish mountain regions, which may 

allow invasive species to establish themselves, it can have a hazardous effect on the biodiversity 

in the Swedish mountain region since local species may be outcompeted. 



5 
 

In Sweden there is a project called National Inventory of Landscapes (NILS). The projects 

main objective is to continuously conduct inventories of vegetation cover and biodiversity 

throughout Sweden. The NILS project started due to the need of having up-to-date and robust 

data about the Swedish environment and how it changes (SLU, 2018a).  

In this study the data received from the NILS-project of stratum 10 will be used to see if 

there has been an effect on the cover of vegetation, mosses, lichens and herbs in the mountain 

regions of Sweden due to a rise in temperature. Simultaneously data collected from 10 weather 

stations in stratum 10 by SMHI will be analyzed to detect if the temperature has changed since 

the start of the NILS project. This study will therefore be able to give an insight into the changes 

in vegetation cover and to see if lichens, mosses or herbs have been affected by any rise in 

temperature in the Swedish mountain region.  

My hypothesis is that (1) the average cover of vegetation (%) will have increased since 

the start of NILS inventory 2003 in the Swedish mountain region of stratum 10. (2) The 

temperature has increased due to climate change which will (3) allow species to have more time 

for growth and reproduction and thus the average cover of lichens, mosses and herbs is expected 

to have increased.   

  

Materials and Methods 

 

Study site and NILS design 

The Swedish mountain region typically consists of glaciers, uplands, moorlands, plateaus and 

rivers. Some of the most typical plant species found here are different types of grasses, mosses, 

lichens, herbs, heathers and shrubs. Not many tree species exist on the high alpines but further 

down, at the lower alpines, some birch, spruce and pine can be found (Nationalencyklopedin, 

n.d. a; Nationalencyklopedin n.d. b).  

In the NILS project data were collected during three inventories. The first inventory 

period was 2003 – 2007, the second time was 2008 – 2012 and the last inventory period, so far, 

was 2014 – 2018. To make the inventory as efficient and structured as possible Sweden was 

divided into 10 different geographical stratums (Figure 1a).  

The 10 different stratums were then further divided into 631 quadrats, which of 145 

quadrats were distributed across the Swedish mountain region. Inside each of the 631 NILS-

quadrats a 5x5km aerial photo was taken and observed. Within each 5x5 km quadrat another 

aerial photo was taken with an area of 1x1 km. In each NILS-quadrat (1x1 km) there was 12 

systematically placed sample blocks. Each sample block has a radius of 3.5 m, 10 m and 20 m, 
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respectively. Inside the sample block with a 20 m radius, most plant species inventoried were 

trees, bushes, herbs and grasses (Appendix 1). Inside the sample blocks there is smaller sample 

areas (0.25 m2)(Figure 1b) from which a more thorough inventory on plant species such as 

mosses, lichens, herbs, ferns, shrubs and willows takes place (SLU, 2018b; NILS, 

2018)(Appendix 1).  

 

Figure 1. a)  Left hand map, Sweden divided into 10 stratums in which stratum 10 has been filled in with green. 

Right hand map, all 631 NILS-quadrats can be seen. b) One sample block inside a NILS square (1x1 km). The 

circle with a 20 m radius is shown by the dashed line while the 10 m radius and the 3.5 m radius have solid lines. 

The small sample areas 0.252 m are inside radius 3.5 m (3 of them) and 10 m (6 of them) (Reworked after NILS, 

2018). 

 

Analyses 

Data on vegetation cover from the sample block with a 20 m radius and the smaller sample 

areas 0.252 m were received from the NILS project as excel files. The data from stratum 10 

were analyzed with linear regressions to see if there were any changes in the average vegetation 

cover inside the sample block with a 20 m radius and in the smaller sample areas between 2003 

– 2018. Linear regression analysis was also used to look at lichens, mosses and herbs to see if 

there was any change in their average % cover (2003 – 2018).  

NILS have, since the start of the inventory, changed the way they record their findings, 

where 0 in their data sheets before 2006 meant there were no findings and from 2006 and 

onwards it was a finding, but with a cover of < 0.5%. I did not change the 0 to a cover of 0.5%, 

keeping the same system as 2003 – 2005.  

To study the temperature changes of stratum 10 data were downloaded from 10 different 

weather stations located inside the area of stratum 10 (Table 1) (SMHI, n.d.). The data from 
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SMHI showed the average temperature °C for each month 2003 – 2018. The data were then 

analyzed with a regression analysis to see if there has been any change in the average 

temperature since the start of the NILS-project in 2003.  

 

 

Table 1. The names, altitudes (mean sea level) and the coordinates of the 10 different 

weather stations. 

 

 

 

 

 

 

 

 

 

Results 

The analysis of the average vegetation cover (%) in the sample block (20 m radius) throughout 

the inventory period 2003 – 2018 did not vary over time (P = 0.140, F1,13 = 2.770). This was 

also the situation for the average vegetation cover (%) in the small sample areas (0.25 m2) (P = 

0.505, F1,13 = 0.526). Analysis of the average lichen cover (%) throughout the inventory period 

2003 – 2018 showed a significant increase over time (P = 0.046, F1,13 = 4.973) (Figure 2).  

 

Weather station Altitude (MSL) Latitude Longitude 

Björkudden 376.0 67.3956 18.7156 

Boksjö 475.0 65.6772 15.8245 

Idre Fjäll A 869.407 61.888611 12.852089 

Jormlien 360.0 64.73060 13.986 

Jäckvik 430.0 66.3881 16.9763 

Kiruna Flygplats 515.0 68.4218 18.1698 

Namiakka A 402.202 68.676196 21.5229 

Rensjön A 493.651 68.073031 19.835086 

Sylarna A 1030.11 63.043754 12.274849 
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Figure 2. Regression of the average lichen cover (%) and the sampling years (2003 – 2018). 

Each dot represents the average lichen cover (%) inside the small sample areas (0.25 m2) for 

each year in all of the NILS-quadrats in stratum 10. 

Analysis of the average moss cover (%) throughout the inventory period 2003 – 2018 also 

showed a significant increase over time (P < 0.001, F1,13 = 34.523) (Figure 3). 

 

 

Figure 3. Regression of the average moss cover (%) and the sampling years (2003 – 2018). 

Each dot represents the average moss cover (%) in the small sample areas for each year in all 

of the NILS-quadrats inside stratum 10. 

 

 

Analysis of the average herb cover (%) throughout the inventory period 2003 – 2018 showed 

no significant difference over time (P = 0.552, F1,13 = 0.425).  
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Analysis of the average temperature °C based on 10 weather stations inside stratum 10 showed 

no significant change over time (P = 0.206, F1,153 = 1.608) (Figure 4). Björkudden did not have 

any data from 2003 and Boksjö lacked data for 2015-02 – 2018-12. 

 

 

Figure 4. Regression of the temperature throughout the sampling years (2003 – 2018). Each 

dot represents the one weather stations average temperature °C per year inside stratum 10. 

 

Discussion 

The different climate regions around the earth all have species that have adapted to that specific 

climate and to species that they co-exist with. It is therefore interesting and very important to 

conduct studies in different environments to see if there have been any alterations to the 

composition of species, especially now that we are experiencing global warming and climate 

change. In this study, I expected there to be a rise in the average temperature in the Swedish 

mountain region as a consequence of the increase in temperature that SMHI has reported. My 

results did not show any significant difference in temperature and I therefore draw the 

conclusion that the period of inventory, 2003 – 2018, was too short to be able to see any 

significant difference. When downloading data from SMHI weather stations, it was difficult to 

find 10 stations that had data for the whole sample period. Björkudden did for example not have 

any data from 2003 and Boksjö lacked data for 2015-02 – 2018-12. This might have been a 

contributing factor as to why the results did not show any significant difference. A study by 

Kullman (2003) shows that there have been warmer temperatures for the past century in the 
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Swedish mountain region affecting many different plant species, which, with the warmer 

climate have established themselves on higher altitudes than before. 

Ecosystems in mountain regions are very vulnerable to a change in temperature, partly, 

as a result of the many plant species which are restricted to certain geographical ranges and 

have limited environmental tolerances (Munson & Sher, 2015). With an increasing temperature, 

it therefore seems unavoidable that the Swedish mountain region would remain unaffected. It 

was thus very surprising to see that the results for both the average vegetation cover in the 0.25 

m2 sample areas and 20 m radius showed no change since 2003. In a study by Hedenås, 

Christensen and Svensson (2016) who has also used the data from NILS, they conclude that 

there has not been any extension of the alpine and the mountain birch forest areas from 2003 – 

2012. They did however find that the total cover of tree canopy, graminoids, dwarf shrubs and 

the field vegetation all had increased. This contradicts my results. The reason for this could be 

that my study includes all three different inventory periods while Hedenås, Christensen and 

Svenssons study only had the first 2 inventory periods. The significant difference in their study 

could be because NILS has improved the method of inventory since the first three years. A 

strong indication of improvement is the “0” in their data sheets, which before 2006 meant there 

were no findings of a species but since 2006 a value of “0” means that cover was < 0.5%. 

We do know that the snow-covered period is shorter than it used to be, which prolongs 

the growth period, giving the plant species more time to reproduce and grow (IPCC, 2001; 

SMHI, 2019; Primack & Sheer, 2016). But we also know that with a shorter snow-covered 

period and a longer growth period, there is a third contributing factor, a longer drought period, 

which will bring more stress to plant species such as herbs. Not all herbs are able to survive as 

well as other plant species during a drought period since they have different adaptations 

(Primack & Sheer, 2016; Proctor & Tuba, 2002). In a study by Fuentes, Pires and Østergaard 

(2010) they conclude that for vascular plants, modification of the cell wall composition is a 

major adaptation technique to survive the changing environmental conditions, such as herbs. 

My result for the average cover of herbs did not show any significant difference, which in 

hindsight is not surprising since it is difficult for herbs to adjust to a longer drought period. 

Compared to moss and lichens, vascular plants, such as herbs, are critically dependent on a 

steady availability of water in the soil to grow. If this condition is not met, the habitat will be 

untenable for the herbs (Proctor & Tuba, 2002). The results for moss and lichen cover showed 

an increase in their cover. This could be because many moss and lichen species can store water 

and endure drought for a long period of time (Heim & Lundholm, 2014). The physiological 

adaptations of lichens allow them to become completely dehydrated, such as during a drought, 
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and then when water conditions improve, lichens rapidly respire once more (Smith & 

Molesworth, 1973). Mosses have a very similar adaptation as lichens and can tolerate full 

dehydration. Some moss species can also slow down their water loss and control drying rates. 

According to earlier studies, it has also been established that some moss species can rapidly 

recover their synthetic metabolism when rehydrated with water (Oliver, Velten, & Mishler, 

2005).  

In conclusion, there has been no change in the cover of vegetation nor in the cover of 

herbs in the Swedish mountain regions during the inventories 2003 – 2018. There was, however, 

an increase in the cover of both lichens and mosses during this time period. Despite the fact that 

average temperature in this study showed no significant difference there are other studies that 

show that climate change is ongoing and that the temperature is rising in the mountain regions, 

all over the world, and not only in Sweden (IPCC, 2001). Although science has provided 

policies and goals to reach, there are a lot of questions that still need to be answered when it 

comes to climate change and the impacts that it has (IPCC 2007). More resources need to be 

put into scientific studies, such as long-term monitoring programs like NILS, where 

governments, stakeholders and the society co-operates to get a better assessment of 

environmental conditions and what we can do to prevent the loss of habitats and biodiversity.  
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Appendix 1. 

 

Index of species in the sample blocks Index of species in the small sample areas 
Asp  Bergslok 

Barrträd_övriga_främmande Bergssyra 

Bergtall  Björkpyrola 

Björkar  Björnbrodd 

Bladlavar_marklevande Björnvitmossa 

Bladlavar_på_sten Bladlavar_marklevande 

Blåtåtel  Bladlavar_på_sten 

Bok  Blodrot 

Brunmossor Blåbär 

Brännässla Blåmossa 

Busklavar_övriga Blåsippa 

Contortatall Blåtåtel 

Ekar  Bockrot 

En  Brudborste/borsttistel 

Flask-/blåsstarr Brudbröd 

Graminider Brunmossor 

Gran  Brännässla 

Gråal  Busklavar_övriga 

Hägg  Daggkåpor 

Jättegröe  Dvärg-/polarvide 

Kanadensiskt/höstgullris Dvärglummer 

Klibbal  Ekbräken 

Kryptogamer_störningsgynnade Ekorrbär 

Kvanne  Enbjörnmossa 

Lönn  Femfingerört 

Lövbuskar Filtlavar_övriga 

Lövträd_övriga Fjällbräken 

Mjölkört  Fjällfibbla 

Mossor_övriga Fjällglim 

Myrlilja  Fjällkåpa 

Nordisk_stormhatt Fjälllummer 

Norrlandsstarr Fjällsippa 

Nät-/dvärg-/polarvide Fjällskråp 

https://www.slu.se/globalassets/ew/org/centrb/nils/publikationer/2018/faltinstruktion_nils_2018_webb.pdf
https://www.slu.se/globalassets/ew/org/centrb/nils/publikationer/2018/faltinstruktion_nils_2018_webb.pdf


15 
 

Ormbunksväxter Fjällskära 

Pilar/Jolster Fjälltagellav 

Renlavar  Fjällvedel 

Ris  Fjällviol 

Rönn  Flaggvitmossa 

Smörbollar Flyt-/Rufsvitmossa 

Stor_björnmossa Fransvitmossa 

Strätta  Fräken 

Sälg  Fältskikt 

Tall  Graminider_övriga 

Tallar_övriga Gren-/brunrör 

Torta  Groblad 

Trådstarr  Gruskammossa 

Tuv-/stylt-/bunkestarr Gräs_bredbladiga 

Vass  Gräs_smalbladiga 

Vasstarr  Gräshakmossa 

Vattenklöver Guldspärrmossa 

Veke-/knapptåg Gulgröna_kartlavar 

Vitmossor Gullris 

Älgört  Gulmåra 

Örnbräken Gyllenmossa 

Örter  Harsyra 

  Hjortron 

  Hultbräken 

  Humleblomster/nejlikrot 

  Hundkäx 

  Hundäxing 

  Husmossa 

  Hårbjörnmossa 

  Hästhov 

  Hökfibblor_rosettbärande 

  Hönsbär 

  Islandslavar_bruna 

  Johannesörter 

  Jättegröe 

  Kabbleka 

  Kammossa 

  Kantljung 

  Karrkammossa 

  Kattfot 

  Kaveldun 

  Kirskål 

  Klockljung 

  Klotstarr 

  Klynnetåg 

  Klyvbladsvitmossa 

  Knoppvitmossa 

  Korvskorpionmossa 



16 
 

  Kranshakmossa 

  Kruståtel 

  Krypljung 

  Kryptogamer_störningsgynnade 

  Kråkbär/nordkråkbär 

  Kråkklöver 

  Kvanne 

  Kärrspira 

  Kärrviol 

  Lappljung 

  Lappspira 

  Liljekonvalj 

  Lingon 

  Linnea 

  Ljung 

  Lopplummer 

  Lumrar 

  Masklav 

  Maskrosor 

  Midsommarblomster 

  Mjölkört 

  Mjölon 

  Mossor_övriga 

  Myrbjörnmossa 

  Myrlilja 

  Myruddmossa 

  Navellavar 

  Nordisk_stormhatt 

  Norrlandslav 

  Norsknoppa 

  Nät-/dvärg-/polarvide 

  Nätvide 

  Odon 

  Ormbär 

  Ormrot 

  Palmmossa 

  Piprensarmossa 

  Piprör 

  Plattlummer 

  Praktbräkenmossa 

  Praktvitmossa 

  Påskrislavar 

  Renlavar 

  Revlummer 

  Revsmörblomma 

  Ripbär 

  Ris 

  Rosenrot 
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  Rosling 

  Rostvitmossa 

  Rödklöver 

  Röllika 

  Saffranslav 

  Sileshår 

  Sjöfräken 

  Skallror 

  Skogsfräken 

  Skogsklöver 

  Skogsnoppa 

  Skogsstjärna 

  Skräppor 

  Skvattram 

  Slåtterblomma 

  Smultron 

  Smörbollar 

  Snölav 

  Sotvitmossa 

  Spjutmossa 

  Sprödlavar 

  Spärrvitmossa 

  Stagg 

  Starr 

  Stenbär 

  Stensöta 

  Stor_björnmossa 

  Stor_kvastmossa 

  Strutlav 

  Strätta 

  Stångfibblor 

  Svarthö 

  Taggstarr 

  Tallvitmossa 

  Torsklavar 

  Torta 

  Tranbär/dvärgtranbär 

  Trådtåg 

  Tuschlav 

  Tuvsäv 

  Tuvtåtel 

  Tuvull 

  Ullvitmossa 

  Upprätt_tagellav 

  Vanlig_smörblomma 

  Vass 

  Vattenklöver 

  Veke-/knapptåg 
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  Vitklöver 

  Vitmossor 

  Vitmossor_små_röda 

  Vitmåra 

  Vitsippa 

  Vågig_praktmossa 

  Vågig_sidenmossa 

  Vårfryle 

  Våtarv 

  Väggmossa 

  Vänderötter_flikade 

  Åkerbär 

  Åkerfräken 

  Älgört 

  Ängs-/skogskovall 

  Ängssyra 

  Ängsull 

  Ärenpris 

  Ögontröstar 

  Örnbräken 

  Örter 

 

 


