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Abstract: In Finnish Lapland, reindeer herders’ activity is strongly dependent on the surrounding
natural environment, which is directly exposed to environmental changes and climatic variations.
By assessing whether there is any evidence of change in climate in Fell Lapland over the last 50 years,
this paper attempts to link global climatic trends with local conditions and respond to the need
of information at the local level. It aims at assessing the changes in temperature, precipitation
and snow cover at a regional and local scale, as well as determining the climatic trends for the
period 1960–2011. Statistical methods were used to conduct analyses of the regional homogeneity,
the annual and seasonal variability, and the cold intensity. The results show that the regional climate
is not homogeneous and differences exist between locations. Nevertheless, it can be concluded that,
in general, a warming trend is discernible for the period 1960–2011, frost and thaw cycles slightly
increase, and variations in mean temperatures are more important in the winter. Precipitation is more
variable according to the site but, in general, precipitation is increasing with time, especially in the
winter, and the snow cover does not seem to contain any discernible trend.
Keywords: climate variability; correlations; Lapland; precipitation; reindeer herding; snow cover;
temperatures; trends

1. Introduction
The living conditions of Arctic and sub-Arctic communities are affected by climate variability and
environmental changes [1–3], with direct impacts on health and quality of life [4]. In Northern Finland,
where the population is scattered and land use needs can lead to conflict, climate change seems to be the
most prominent driver of change, even though other environmental and socioeconomic pressures have
an undeniable impact on socio-ecological systems too [5,6]. While the higher sensitivity of northern
latitudes, compared to most other parts of the world, to climate change has been shown [1,7,8],
few multidisciplinary studies have undertaken quantitative climate research in specific remote and
vulnerable areas of Finnish Lapland [9]. Also, most of the studies conducted in Finland focus on the
long-term variability of one single climate variable at local-scale [10] or national-scale [11,12], whereas
the present one attempts to investigate the long-term and local-scale variability of all climate variables
that are specifically crucial for reindeer herding.
The present study downscales the global approach to climate to the regional and local levels,
and focuses on all the seasons with a specific focus on the winter season. In Northern Finland,
winter is a critical season for reindeer herding [13–15] as ice and snow conditions remain particularly
important environmental factors affecting reindeer populations dynamics, as well as the daily life of
local communities [16,17]; in addition to the large natural variability of winter weather conditions,
the Finnish Meteorological Institute predicts that warming and increased precipitation will be stronger
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in the winter (respectively by 3–9 ◦ C and by 10–40%) than in the summer (by 1–5 ◦ C and 0–20%),
and winter changes will affect the north more than the south [18]. Moreover, the number of freezing
point days (with a daily minimum temperature below zero and maximum temperature above zero)
is another critical point for local livelihoods that are predicted to be larger than it is currently in the
north. In that sense, the variability and change in winter weather conditions, and also the increasing
occurrence of extreme winter weather events, will produce many public safety and economic problems,
disrupting local socioeconomic activities.
A change in climate and weather conditions will affect local people and their livelihoods.
In Finnish Lapland, reindeer herders’ activity is strongly dependent on the surrounding natural
environment. Reindeer herding systems can be considered as nature-based cultural livelihood
systems [19] whose practitioners are both Sámi and non-Sámi people [20], and it is an excellent
indicator of livelihood welfare, especially as the activity is directly exposed to environmental changes
and climatic variations [21,22]. Indeed, the seasonal migrations of reindeer, the availability of the
ground and tree lichen [23] and the calving rate and period [13] can be affected by weather conditions,
particularly in the wintertime.
The study area is situated between 67 and 69◦ N in the Arctic region. Beyond the effects of high
latitude, the regional climate is influenced by various geographical factors such as the proximity
of the Scandinavian Alps that participates in the formation of the Foehn wind, which affects the
distribution of temperatures and precipitation on both sides of the mountain range; the warm waters
of the North Atlantic Current, which has a moderate maritime effect on temperatures; the continental
landmass located south and east, which allows high pressure systems to drive warm air in summer
and cold air in winter [10]; and the spatial distribution of waterbodies, including the Baltic Sea [24].
The study area comprises three reindeer herding cooperatives of Fell Lapland in the North of Finland
(Table 1 and Figure 1). More precisely, the Käsivarsi reindeer herding cooperative is partly located in
the Scandinavian Alps and offers a tundra landscape where Sámi herders breed around 10,000 reindeer
(Reindeer Herder’s Association, n.d.) around the fells under, sometimes, very hazardous weather
conditions [19]. Fell mountains are still present in the northern part of Näkkälä reindeer herding
cooperative, which is located in the taiga-tundra transition zone. Further south, the boreal forest covers
the partially hilly surface of Muonio reindeer herding cooperative, which includes about 6000 reindeer
(Reindeer Herder’s Association, n.d.) that migrate around the pine and spruce forests and peat lands
of the Muonionjoki River valley [19]. The whole study area is a region where the sustainability of
reindeer herding and pasture conditions is at the heart of many debates involving a “complex set of
ecological, political, cultural and socioeconomic issues” [25] (p. 141). The vulnerability of reindeer
herding livelihood is prone to combined social-ecological pressures [19], whose starting point is often
linked to climate change.
Table 1. Description of the three meteorological stations.
Weather Stations

Station Reference
Number

Coordinates

Elevation (m.a.s.l.)

Years Recorded

Enontekiö Kilpisjärvi

9001

69◦ 03’00” N,
20◦ 48’00” E

483

1951–1978

Enontekiö Kilpisjärvi
kyläkeskus

9003

69◦ 03’00” N,
20◦ 47’24” E

480

Enontekiö Palojärvi

9202

68◦ 34’12” N,
23◦ 19’48” E

356

1972–2000

Enontekiö Näkkälä

9201

68◦ 36’00” N,
23◦ 34’48” E

374

1960–present

Muonio Alamuonio

8201

67◦ 57’36” N,
23◦ 40’48” E

236

1946–present
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Figure 1. Location map.
Figure
1. Location map.
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and the cold intensity.
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2.1. Analysing the Regional Homogeneity
The Pearson correlation coefficients was calculated to analyse the regional homogeneity of the
three meteorological variables: the mean air temperatures (annual, winter, spring, summer and
autumn mean temperatures), the precipitation (total precipitation in the year, winter, spring, summer
and autumn precipitation), the duration of permanent snow cover in number of days (longest snow
cover with a minimum thickness of one centimetre), and the maximal snow depth in centimetres.
This analysis is an indicator to determine if data is homogeneous within the study area and therefore
will be treated at the regional level (regional climate variability); or heterogeneous and will be treated
at the local level (local climate variability).
2.2. Analysing the Interannual and Seasonal Variability
The analysis of the interannual and seasonal variability of the three selected meteorological
variables at a regional or local scale was conducted in order to outline some climatic trends. Anomaly
data were calculated and used to easily compare the different meteorological stations. The anomalies
represent the deviations from the 1960–2011 average temperature, average of total precipitation and
average length (number of days) of permanent snow cover with a thickness of at least one centimetre,
for each site.
We also inspected the existence and location of a significant change point in the annual
temperature variation utilising the Lepage test [30], that is, a nonparametric location-scale test that
detects significant differences between two samples. Here, the first sample consists of the temperatures
before or at the change point and the second sample consists of the temperatures after the change point.
As the location of the change point is not known in advance, the Lepage test statistic is computed for
each year, and the maximum of the absolute values of the standardised statistics is used as test statistics
whose distribution is estimated by simulation [31]. The test was conducted using the R software [32]
package cpm [31].
At the regional scale, the climate variability is studied in correlation with two atmospheric
circulation patterns, the North Atlantic Oscillation (NAO) and the Arctic Oscillation (AO), in order
to show the possible impacts of larger scale atmospheric phenomena on the variability of the mean
air temperatures in Fell Lapland. Whereas the NAO is characterised by a dipole in the atmospheric
pressure at sea level between the Azores high and Iceland low [33–35], the AO “can be interpreted as the
surface signature of modulations in the strength of the polar vortex aloft” [36] (p. 1297). Both patterns
can be measured through the NAO and AO indices. The annual NAO and AO indices have been
calculated from the monthly mean NAO and AO indices obtained from the online data sets of the
Climate Prediction Centre of NOAA [37]. Correlations between the monthly average temperature
anomalies and the monthly NAO and AO indices were calculated for the period 1960–2011. At the local
scale, the climate variability is examined at interannual and seasonal time scales by displaying the
variations in anomalies of variables for Kilpisjärvi, Enontekiö and Muonio. For some of the charts,
the first (Q1) and third (Q3) quartiles were calculated in order to detect extreme cases.
2.3. Analysing the Cold Intensity
The negative sum of degree-days and the number of frost and thaw cycles were determined to
analyse the intensity of the cold, which is an essential parameter for reindeer herding. The season
starts on 1 July and ends on 30 June. The first quartile (Q1) was calculated for each of the three stations.
When analysing data by seasons, the four seasons are referred as follow: December, January
and February for the winter; March, April and May for the spring; June, July and August for the
summer; September, October and November for the autumn. Data is analysed for the available years;
some years are missing sporadically.
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3. Results
3.1. Regional Climate Homogeneity
In order to determine if the regional climate of Fell Lapland is spatially homogeneous,
the relationship between the three meteorological stations of Kilpisjärvi, Enontekiö and Muonio
is analysed by performing various regression analyses. Shown in Table 2, the Pearson correlation
coefficients were calculated for the three major variables of the local climate (the numbers with the
highest correlation coefficients are in bold).
Table 2. Pearson correlation coefficients (r) between the different meteorological stations concerning
the average temperatures, precipitation and snow conditions.
Mean Temperatures
Winter
K
E
M
Spring
K
E
M
Annual
K
E
M

K1
1
0.959
0.943

E2

M3

1
0.989

1

Summer

K
1
0.929
0.932

E

M

1
0.984

1

1
0.957
0.901

1
0.976

1

Autumn
1
0.943
0.947

1
0.988

1

1
0.977
0.967

1
0.982

1

E

M

1
0.639

1

Precipitation
Winter
K
E
M
Spring
K
E
M
Total
K
E
M

K
1
0.206
0.383

Summer

K
1
0.629
0.717

E

M

1
0.827

1

1
0.402
0.570

1
0.604

1

K

E

M

1
−0.053
0.296

1
0.631

1

Autumn
1
0.413
0.486

1
0.583

1

1
0.31
0.568

1
0.6

1

K

E

M

1
0.6
0.581

1
0.77

Snow
Permanent
snow cover
>1
K
E
M

1

1

Maximal
snow
depth
K
E
M

Kilpisjärvi, 2 Enontekiö, 3 Muonio.

Explained by the latitudinal location of the station, it was found that Kilpisjärvi is slightly colder
than Enontekiö and Muonio with a mean annual temperature anomaly between Kilpisjärvi and
Enontekiö of −0.05 ◦ C and between Kilpisjärvi and Muonio of −0.91 ◦ C. Nevertheless, the lower
degree of continentality of Kilpisjärvi (24.48 ◦ C) indicates that the presence of the warm waters of the
North Atlantic Current is felt a bit more prominently there than in Enontekiö (27.33 ◦ C) and Muonio
(28.73 ◦ C), although the observed average temperature is colder. Overall, although small disparities in
temperatures exist between the three sites, the temperature varies similarly seasonally and annually
(Table 2) and mean temperatures at the three sites are highly correlated (r > 0.9).
There was a modest regional heterogeneity in the distribution of precipitation (455.81 mm/year
of average total precipitation for the period 1960–2011 at Kilpisjärvi, 443.14 mm/year at Enontekiö,
and 489.42 mm/year at Muonio) and the existence of disparities in the precipitation variability.
Table 2 shows that the three sites are moderately correlated annually and seasonally with the exception
of the summertime (0.63 < r < 0.83). Again, Muonio and Enontekiö show the closest relationship.
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Figure 4. Monthly variation of the correlation between the monthly average temperature anomalies
and the monthly North Atlantic Oscillation (NAO) and Arctic Oscillation (AO) indices for the period
1960–2011.
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for Kilpisjärvi and only three years for the period 1960–1988; 10 years > Q3 for Muonio and only three
Muonio
andthe
only
three
years for the period 1960–1988).
years for
period
1960–1988).

Figure 5. Annual anomaly of the total precipitation (mm) and permanent snow cover >1 cm (number
Figure
5. Annual anomaly of the total precipitation (mm) and permanent snow cover >1 cm (number of
of days) at Kilpisjärvi, Enontekiö and Muonio, 1960–2011. The shift point is shown as vertical dashed line.
days) at Kilpisjärvi, Enontekiö and Muonio, 1960–2011. The shift point is shown as vertical dashed line.
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3.3.2. Seasonality of Interannual Variability in Precipitation
3.3.2. Seasonality
of the
Interannual
Variability
in Precipitation
Results from
annual anomaly
of precipitation
for the four seasons at Kilpisjärvi, Enontekiö
and
Muonio
reveal
two
main
points
(Figure
6).
First,
the
site
of four
Muonio
is theatone
which records
the
Results from the annual anomaly of precipitation for
the
seasons
Kilpisjärvi,
Enontekiö
largest amount of precipitation for all seasons except for the winter (Kilpisjärvi). Then, the summer
and Muonio reveal two main points (Figure 6). First, the site of Muonio is the one which records the
precipitation is the most important for the three sites for the period 1960–2011: on average 154.91 mm
largest amount of precipitation for all seasons except for the winter (Kilpisjärvi). Then, the summer
for Kilpisjärvi, 178.81 mm for Enontekiö and 195.88 mm for Muonio; the driest season is the spring
precipitation is the most important for the three sites for the period 1960–2011: on average 154.91 mm
with, respectively, 74.54 mm, 70.65 mm and 83.64 mm.
for Kilpisjärvi, 178.81 mm for Enontekiö and 195.88 mm for Muonio; the driest season is the spring
with, respectively, 74.54 mm, 70.65 mm and 83.64 mm.
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Figure 6. Annual anomaly of seasonal precipitation (mm) at Kilpisjärvi, Enontekiö and Muonio, 1960–
Figure 6. Annual anomaly of seasonal precipitation (mm) at Kilpisjärvi, Enontekiö and Muonio, 1960–2011.
2011.
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3.4. Cold Intensity
One of the major concerns of reindeer herders is the variability of temperatures. Combined
10 of 16
with aClimate
high2017,
rate5, 81
of precipitation, it can be harmful for their herds. Thus, negative temperatures
are welcomed
in the autumn only if the ground is dry; otherwise, reindeer lichen can be trapped
3.4. Cold Intensity
under a solid layer of ice. In the winter, what reindeer herders fear the most is the variability of
One of the major concerns of reindeer herders is the variability of temperatures. Combined with
temperatures around zero, which affects the phase changes of the snow cover. During the birth season
a high rate of precipitation, it can be harmful for their herds. Thus, negative temperatures are
in the welcomed
spring, cold
temperatures
preferable
for reindeer
calves.
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in the
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can be are
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under why
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degree-days
and
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and
thaw
cycles
are
relevant
for
this
study.
a solid layer of ice. In the winter, what reindeer herders fear the most is the variability of temperatures
around zero, which affects the phase changes of the snow cover. During the birth season in the spring,

3.4.1. Degree-Days
cold temperatures are not preferable for reindeer calves. These are the reason why analysing degreedays and frost and thaw cycles are relevant for this study.

The cold intensity can be represented by the sum of the degree-days below 0 ◦ C. According to
Jaagus 3.4.1.
[38], Degree-Days
it is the most important indicator of the severity of a winter. This indicator is calculated by
summing up all the negative mean daily temperatures of a cold season and by discarding the positive
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Figure 7. Sum of negative degree-days at Kilpisjärvi Enontekiö and Muonio, 1960–2011.

Figure 7. Sum of negative degree-days at Kilpisjärvi Enontekiö and Muonio, 1960–2011.
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3.4.2. Frost and Thaw Cycles
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Figure 8. Number of frost and thaw cycles based on the daily average temperatures at Kilpisjärvi,
Figure 8. Number of frost and thaw cycles based on the daily average temperatures at Kilpisjärvi,
Enontekiö and Muonio, 1960–2011.
Enontekiö and Muonio, 1960–2011.

4. Discussion
Spatial and temporal variations of climate of Finnish Fell Lapland in Northern Finland has been
analysed over the last 50 years and have revealed changes in temperatures, precipitation and snow
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4. Discussion
Spatial and temporal variations of climate of Finnish Fell Lapland in Northern Finland has
been analysed over the last 50 years and have revealed changes in temperatures, precipitation and
snow cover for three weather stations located in the Finnish reindeer husbandry area. The following
conclusions can be drawn:

•

•

•

•

It is difficult to speak about full climate regional homogeneity when only mean temperatures
have revealed quite good correlation coefficients (r > 0.97), unlike precipitation and snow cover.
Nevertheless, for all cases, annual and seasonal, Enontekiö and Muonio weather stations are the
closest ones.
For the annual temperature data, a warming trend is discernible for the period 1960–2011 with
two distinct periods: a colder period between 1960 and 1988 with greater negative anomalies and
strong cold intensity (lowest negative peaks of degree-days recorded before 1990); and a warmer
period from 1989 to 2011 with greater positive anomalies and +1.20 ◦ C of average temperatures
compared to the previous period. It can also be seen that this most recent period has recorded
slightly more frost and thaw cycles whose high occurrence is strongly linked to the warming
of the climate at the high latitudes. As for seasonal data, variations in mean temperatures have
been found to be more important during wintertime, partly due to the strong correlation with the
AO index.
Muonio is the weather station that has recorded the largest amount of precipitation. The annual
data of precipitation have shown that a drier period occurred before 1988 for Kilpisjärvi and
Muonio. Most of the positive anomalies have been recorded after 1988, meaning that the general
trend is about receiving more precipitation. Nevertheless, no clear trend has appeared for
Enontekiö. Concerning the seasonal variability of precipitation, the results have shown that
summer is the season with the highest amplitude and number of variations for the three cases.
As for the autumn, no specific trend is discernible. Winter and spring precipitation, however,
has evolved differently, and Kilpisjärvi has stood out from the other weather stations. For both
seasons, Kilpisjärvi has recorded larger amplitude of positive anomalies compared to Enontekiö
and Muonio despite the quite low variability of precipitation. For both seasons and for the
three sites, precipitation is increasing with time with more and more rainy winter precipitation,
especially from the beginning of the 1990s. A slight decrease has been recorded from the beginning
of the 2000s.
None of the sites shows a discernible trend in the snow cover.

Besides the undeniable correlation between temperature and precipitation type and snow cover
properties, the climate variability and shifts in Finnish Lapland is explained by the local geography
and also by the impacts of the ocean-atmosphere coupling.
Indeed, with a sub-meridian orientation, the Scandinavian Mountains, which peak at 2469 m
above sea level, induce important climatic contrasts on both sides of the mountain range. While the
oceanic climate is confined at the Norwegian mountainside and, therefore, brings abundant
precipitation, the drying effect of the Foehn wind plays an essential role in precipitation distribution
on the eastern mountainside, especially in the Swedish coasts and in Lapland where precipitation
is lower.
Moreover, the large-scale atmospheric phenomena have a great influence on the local and regional
climate variability. Fell Lapland is located at relatively high latitudes and, as most of the northern
regions, it experiences “the largest fluctuations due to [its] position in the transition zone between the
west wind belt and the Arctic climate” [39] (p. 508). In fact, the position of Northern Europe between the
ocean and the continent and between the tropical and polar regions favours the confluence of multiple
air masses (Figure 9). Thus, this is a meeting place for the maritime polar air masses, cold and moist air
from south of Greenland; the maritime tropical air masses, warm and moist air that is important for the
energy transfer from the warm Atlantic waters to Northern Europe; the continental polar air masses
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that originate from the thermal high stabilised in Russia; the maritime Arctic air masses responsible
for the coldness from February to the arrival of the spring; and the continental Arctic air masses
that get formed in Lapland starting in the autumn [40]. Therefore, the climate variability is strongly
governed by the position and the dynamic of the action centres. In Northern Europe, their distribution
is affected by oscillations in pressure patterns that lead to change in temperature patterns. Even though
it has been demonstrated that the NAO “is the most prominent and recurrent pattern of atmospheric
Climate 2017,over
5, 81 the middle and high latitude of the Northern Hemisphere, especially during the
13 ofcold
16
variability
season” [41] (p. 113), and therefore has a major influence on winter temperatures as Hurrell [28] has
Hemisphere, especially during the cold season” [41] (p. 113), and therefore has a major influence on
pointed out, those results are in line with findings of previous research studies led in Finland. In fact,
winter temperatures as Hurrell [28] has pointed out, those results are in line with findings of previous
Irannezhad et al. [11] showed the significant influence of the AO in the winter in most areas of Finland
research studies led in Finland. In fact, Irannezhad et al. [11] showed the significant influence of the
and of the NAO in the spring in Northern Finland. Furthermore, the time series of the NAO and AO
AO in the winter in most areas of Finland and of the NAO in the spring in Northern Finland.
indices show a higher peak at the end of the 1980s that could be linked to the 1988 shift in temperature
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Figure 9. Air masses influencing the climate of Northern Europe (mP: maritime polar; mT: maritime
Figure 9. Air masses influencing the climate of Northern Europe (mP: maritime polar; mT: maritime
tropical; mA: maritime arctic; cA: continental Arctic; cP: continental polar).
tropical; mA: maritime arctic; cA: continental Arctic; cP: continental polar).

A time span of 50 years is too short to get an overview of long-term changes in the past for
predicting the future climates, but this study can be considered as a complement to the works led by
Lee et al. [9] in the eastern part of Finnish Lapland for the period 1876–1993. Interpretations of data
might differ since great changes have occurred at the beginning of the 1990s emphasising warming
trends, more precipitation and a slight diminution of snow cover in general. Indeed, Lee et al. [9]
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A time span of 50 years is too short to get an overview of long-term changes in the past for
predicting the future climates, but this study can be considered as a complement to the works led by
Lee et al. [9] in the eastern part of Finnish Lapland for the period 1876–1993. Interpretations of data
might differ since great changes have occurred at the beginning of the 1990s emphasising warming
trends, more precipitation and a slight diminution of snow cover in general. Indeed, Lee et al. [9] have
not noticed any significant warming or cooling period between 1876 and 1993. As for the precipitation,
they concluded that there was a significant increase for the winter, spring and autumn seasons,
while this study confirms only the two first seasons.
Even though future climate changes will manifest themselves differently in different locations,
we can attempt to draw a parallel between this study and others conducted in other Finnish reindeer
management areas. Thus, Turunen et al. [15] have carried out climate model simulations for the period
2035–2064 in Sodankylä, and they have concluded that winters “will be characterized by ephemeral
snow cover formation and melting several times during the winter” with a delay of the seasonal
snow cover formation and earliness of snow cover melting. However, these results are also consistent
with other studies conducted in Northern Fennoscandia, especially the ones of Kivinen et al. [45]
reporting warming trends with an increase of extreme warm events and a decrease of extreme cold
events (Figure 2), among other studies [46,47]. Moreover, the high variability of temperatures during
the winter found in Figure 3 might explain the conclusion of Kivinen et al. [45] on the fact that any
significant warming trends were detected in winter. The present results also confirm the conclusions
of Lehtonen et al. [48] predicting an increase in winter precipitation in Northern Europe.
Disparities within Fell Lapland are maybe not huge but reindeer herders still have to cope with
different weather situations according to their geographical location. Indeed, this study has shown,
by different means, the particularity of Kilpisjärvi weather station that can be explained by the very
close proximity of the Lake Kilpisjärvi. In their study on the influence of natural conditions on the
spatial variation of climate in Lapland, Vajda and Venäläinen [24] have shown that lakes situated in
Lapland influence the microclimate of their surroundings. In general, the parallel between reindeer
herders’ perceptions and climatic trends is interesting. In fact, reindeer herders have estimated that
shorter snow season and thinner snow cover in the winter would be advantageous for reindeer to
access ground lichen, and more summer precipitation would also boost the vegetation growth and
particularly mushrooms that reindeer eat [13,14]. However, an increase of frost and thaw cycles and
heavy rain on snow in the winter are very badly perceived by herders, as it would have implications
on snow cover properties and ground-icing blocking the access to winter food [29]. These changes in
climate would also have other increasing adverse indirect effects on reindeer herding as the behaviour
of predator populations and the development of competing land uses [19].
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