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• Systematically collected reindeer herder
knowledge was combined to weather
data.

• Practitioner knowledge was mainly in
line with the long-term meteorological
data.

• Changing seasonal climate affects rein-
deer condition and herding practices.

• Adaptation requires development of
work practices and the governance of
herding.

• Our approach can ease the dialogue be-
tween the practitioners and policy
makers.
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practitioners, researchers and policy makers
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Westudied interannual variability and changes over time in selected climate indices in the reindeermanagement
area (RMA) in northern Finland. We present together the knowledge possessed by reindeer herders with infor-
mation from meteorological measurements over three decades. The practitioner knowledge was gathered via a
survey questionnaire addressing herder observations of long-term changes (approximately during the past
30 years) in climatic conditions and their impacts on herding during the four seasons. A set of temperature-,
precipitation- and snow-related indices relevant for herding within the RMAwas derived from spatially interpo-
lated daily meteorological data (1981–2010). Climatic changes detected based on the measurement data were
mainly consistent with earlier studies, and practitioner knowledgewas generally in line with themeteorological
data. The herders had experienced the largest number of changes during the winter, and the smallest number of
changes during the summer. The herders reported various impacts of changing seasonal weather on reindeer
condition and behavior, and on herding practices. Adaptation to the changing conditions requires adoption of
various coping strategies by the herders in their everyday work, continuous development of professional tech-
niques and practices, as well as support received from the governance of reindeer management. We conclude
that holistic understanding of the impacts of climate change and adaptation to changes in the future requires si-
multaneous analyses of data from different sources, more research co-defined with local practitioners, and co-
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planned governance solutions. The approach presented in this work can ease the dialogue between the local
practitioners, researchers and policy makers.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Knowledge sets gained outside the scientific communities such as
indigenous knowledge (IK), traditional ecological knowledge (TEK) or
practitioner knowledge are often defined as contextual, local knowledge,
typically passed on from one generation to the next, and often attrib-
uted to a particular ethnic group inhabiting a given area. This knowl-
edge has been used as a basis for local level decision-making within a
given livelihood and community (Agrawal, 1995; Ingold and Kurttila,
2000; Menzies and Butler, 2006; Berkes, 2008; Buchanan et al., 2016).
Its use for scientific purposes has been criticized for lack of systematic
approach to data collection, uncertainties and potential bias within the
dataset, missing common terminology, and for being incommensurate
with the spatial and temporal scales of observational data (Couzin,
2007; Monastersky, 2009; Alexander et al., 2011; Huntington, 2011).
Nevertheless, during the 21st century, the value of local knowledge is
being increasingly acknowledged, particularly in the sparsely populated
areas where observational data may be scarce or seasonally biased and
the time-series length insufficient (Couzin, 2007; Alexander et al., 2011;
Huntington, 2011; IPCC, 2019).

Arctic and subarctic regions have shown significant warming
trends during the recent decades (AMAP, 2017; Kivinen et al.,
2017; IPCC, 2018; Marshall et al., 2018). Experiences of northern
communities of changing climate have been collected in different
parts of the circumpolar area (e.g. ACIA, 2004). Reindeer herders in
northern Fennoscandia and Russia have extensive knowledge on
weather. Weather conditions can strongly affect reindeer pastures,
reindeer condition, reproduction, and mortality, and increase the
workload and costs of reindeer husbandry (Heggberget et al., 2002;
Kumpula and Colpaert, 2003; Helle and Kojola, 2008; Kumpula,
2012; Turunen et al., 2016). Herders thus need to continually moni-
tor the grazing conditions during different seasons (e.g. Helle, 1984;
Ryd, 2001; Eira et al., 2013).

Climate change, manifesting itself as long-term warming and
changes in precipitation and snow conditions, is expected to have
both positive and negative impacts on herding (Moen, 2008; Turunen
et al., 2016). For example, on onehand,warmer earlywinterswith vary-
ing temperatures and events like rain-on-snow (ROS) or thaw-freeze
may lead tomore frequent icing of snow and basal ice, which can hinder
reindeer access to ground lichens (Rasmus et al., 2016, 2018; Eira et al.,
2018). Warm autumns may also result in the growth of mycotoxin-
producing microfungi (molds) below the snow in reindeer pastures
(Kumpula et al., 2000; Rasmus et al., 2018). On the other hand, warmer
winter weather can help reindeer keep fit, and early snowmelt and in-
creased availability of fresh forage in spring are favorable for lactating
reindeer and the new-born calves (Kumpula and Colpaert, 2003;
Mårell et al., 2006; Helle and Kojola, 2008; Turunen et al., 2009;
Tveraa et al., 2013). Warmer summers with increased precipitation
may lead to more severe insect harassment and more frequent parasite
epidemics (Soppela et al., 1986; Soppela, 2009; Laaksonen et al., 2007,
2010; Härkönen et al., 2010). Further, cold summers with heavy rains
are considered harmful to young calves (Helle and Aspi, 1984; Helle
and Kojola, 1994; Hagemoen and Reimers, 2002; Weladji et al., 2003;
Turunen et al., 2016).

Both indigenous Saami and non-Saami Finns practice reindeer
husbandry in Finland, unlike in Sweden and Norway where it is
mainly an exclusive right of the Saami (Helle and Jaakkola, 2008;
Soppela and Turunen, 2017). We consider the knowledge of herders
as practitioner knowledge (Ingold, 2000). Practitioner knowledge
widens the scope of IK or TEK to acknowledge the non-ethnic nature
of knowledge gained in certain livelihoods by spending time on the
land, developing skills, and evolving knowledge through practice
and experience. Practitioner knowledge on reindeer and the envi-
ronment possessed by the herders is acquired since childhood and
passed on from one generation to the next (Forbes, 2006; Forbes
and Stammler, 2009; Vuojala-Magga et al., 2011). Reindeer herders
traditionally have various coping strategies to deal with adverse
weather and pasture conditions. These strategies are based on
context-situated learning where new knowledge about new situa-
tions and new practices adopted is accumulated and exchanged
within the herding community (Turunen and Vuojala-Magga,
2014). Today, in the rapidly changing Arctic environments, unprece-
dented challenges related to adverse weather conditions may
emerge, and no coping strategies operate for them exist thus far
(Peltonen-Sainio et al., 2017; Eira et al., 2018).

In previous studies, collection of reindeer herder knowledge has
been rather localized in space and time (Helander, 2004; Vuojala-
Magga et al., 2011; Turunen et al., 2016; Jaakkola et al., 2018), sys-
tematic collection of herder knowledge for research purposes has
been rare, and relating such local knowledge with scientific observa-
tions even rarer. We anticipate that relating practitioner knowledge
of herders and meteorological measurements gives more in-depth
understanding of the environmental changes in northern regions,
also of aspects like experiences, impacts and coping. In this article,
we examine the changes in climate conditions in the reindeer man-
agement area (RMA) in northern Finland during the past 30 years
using knowledge of reindeer herders together with information orig-
inating from meteorological measurements. Rather than compare,
nor validate either of the knowledge sets in detail, we aim at present-
ing the knowledge sets together to bring out themost important out-
comes of both. We also review which coping strategies the herders
use in their daily herding work and what kinds of governance level
adaptation strategies exist. The objectives of this paper are to:

1) Study reindeer herder observations of changes in seasonal weather
characteristics and their consequent impact on herding in forest
and fell regions during the past 30 years.

2) Examine the inter-annual variability and changes over time of
various climate indices relevant for herding, using high-
resolution daily meteorological data covering approximately the
same period;

3) Give an overview of the strategies to cope with difficult weather
conditions, both from the viewpoint of everyday herding work
and regarding policies that govern the reindeer management in
Finland;

4) Discuss how these different knowledge sets can be used together, to
create new understanding of the effects of climate change on the
nature-based livelihoods, such as reindeermanagement, and to sup-
port decision-making on adaptation to climate change.

2. Materials and methods

2.1. Reindeer management area

In the Finnish reindeer management area (RMA) covering 36% of
the country (Fig. 1, Supplementary text S1, Fig. S1 and Table S1), the
semi-domesticated reindeer (Rangifer tarandus tarandus) has, in
principle, a free grazing right. The RMA is divided into 54 herding
districts, the organization and activities of which are guided by the
Reindeer Husbandry Act (848/1990). The 21 northernmost districts

http://creativecommons.org/licenses/by/4.0/


Fig. 1. The reindeer management area (RMA) of Finland. The thin black lines show borders of herding districts. Green and gray shading indicate fell and forest reindeer husbandry regions,
respectively. The border between the regions generally follows the southern border of the Saami Homeland area in Finland (red line). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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belong to an area specially intended for reindeer husbandry,1 and 13
of these are located within the Saami Homeland area. The maximum
allowed number of reindeer over one-year-old (the winter stock) is
currently 203,700 within the whole RMA. About 100,000 calves are
born in the spring, and 80,000 calves and 20,000 over one-year-old
reindeer are slaughtered in the autumn (RHA, 2018).

We have divided the RMA into two major study areas, which dif-
fer from their environmental conditions, reindeer herding practices
and culture: 1) forest reindeer husbandry region and 2) fell reindeer
husbandry region (Fig. 1, Table 1). Forest reindeer husbandry region
is situated within the boreal forest zone and fell reindeer husbandry
region within the mountain birch woodland zone. The border be-
tween the forest and fell reindeer husbandry regions generally fol-
lows the southern border of the Saami Homeland area as well as
southern timberline of spruce (Franke et al., 2015). In the Saami
Homeland, reindeer herds are generally larger and herding is more
commonly the main source of livelihood, whereas in southern dis-
tricts, herding is traditionally more often combined with other live-
lihoods, particularly forestry and tourism (Soppela and Turunen,
2017; Jaakkola et al., 2018).
2.2. Survey on the practitioner knowledge possessed by reindeer herders

Practitioner knowledge of reindeer herders was gathered via a sur-
vey which was planned in collaboration with Metsähallitus, Reindeer
Herders' Association, Finnish Environment Institute (SYKE), the Univer-
sity of Lapland and the University of Jyväskylä (see also Markkula et al.,
2019). The survey was part of the assessment of threatened habitat
types in Finland in 2018 (Pääkkölä et al., 2018). It was conducted in
1 When referring to reindeer as a livelihood, we use the term “reindeer husbandry”.
“Herding” refers to day-to-day practices (and it also appears in the term “reindeer herding
district”), whereas husbandry considers reindeer as a resource and is related e.g. to the
profits, breeding, and social mechanisms. “Reindeer management” is related to all of the
practices pertaining to the keeping of reindeer, including governance (Forbes, 2006).
the form of a questionnaire using theWebropol survey tool. The survey
was open from 13 October 2016 to 28 February 2017 (Supplementary
text S2). The survey was distributed systematically to all herding dis-
tricts through the information services of the Reindeer Herders' Associ-
ation using its Internet page, Facebook page, electronic mailing list and
the professional journal Poromies which, in theory, reaches every rein-
deer owner in Finland.

The questionnaire comprised of 26 arguments that addressed
changes in climate on a seasonal basis and their impacts on herding
during the past 30 years (approximately from the 1980s to the
2010s). Young herders who participated in the survey were
instructed to consider the changes they had experienced during
their whole life. The arguments were formulated using existing
knowledge on projected climate change in northern Finland (e.g.
Ruosteenoja et al., 2015, 2016) and knowledge of the impacts of
weather conditions on reindeer well-being and herding (e.g.
Vuojala-Magga et al., 2011; Turunen et al., 2016; Supplementary
text S1). The arguments were formulated to express the changes
generally associated with warming climate. Because of this, some
framing effect cannot be ruled out.

The respondents were asked to express their level of agreement/dis-
agreement with the arguments on a five-point scale, coded as follows:
1) I have observed a change in this feature into the direction of the argu-
ment 2) I have observed some change in this feature into the direction
of the argument 3) I have not observed any change in this feature 4) I
have observed some change in this feature, but into the opposite direc-
tion 5) I have observed a change in this feature, but into the opposite di-
rection. Respondents also had the possibility to describe the observed
changes and their impacts on herding in more detail in a free-form
text field in the questionnaire.

For this studywedefine a person as a herder if he/she owns reindeer,
practices herding either full-time or part-time, and earns at least part of
the income through practicing herding - and most importantly, defines
himself/herself as a herder. It is estimated that there are approximately
2000 active reindeer herders in Finland (RHA, 2018). A total of 90



Table 1
Main characteristics of fell and forest reindeer husbandry regions.

Fell reindeer husbandry region Forest reindeer
husbandry region

Vegetation zonea Mountain birch woodland, treeless
heaths, boreal forest (Scots pine)

Boreal forests (Scots
pine, Norway
spruce)

Total area (km2)b 37,221 85,600

Climate
Mean annual
temperature (°C)c

−1.3 0.3

Mean annual
precipitation
(mm)c

486 581

Mean maximum
snow depth (cm)c

86 85

Reindeer management
Number of
reindeerb

82,745 115,576

Number of reindeer
ownersb

1383 3047

Reindeer/ownerb 70.4 37.4

Supplementary winter feedingd:
-in enclosures (% of
reindeer)

8.5 76.5

-in the field or to
support herding
(%)

65.2 17.4

-no supplementary
winter feeding (%)

26.4 6.1

Pasture rotation in
use (% of
districts)d

100 21

a Oksanen and Virtanen (1995) and Virtanen et al. (2016).
b During a herding year 2016–2017; approximately one third of reindeer owners are

women, and 10–15% are under-aged (RHA, 2018), reindeer owners belonging to these
groups are less involved in the daily practices of herding.

c During 1981–2010 (Pirinen et al., 2012).
d During 2004–2015 (RHA, 2018).
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reindeer herders from42herding districts responded to the survey. This
gives us a response rate of 4.5%.

Responseswere received fromnine out of 14 districts of the fell rein-
deer husbandry region (henceforth fell districts), and from 33 out of 40
districts of the forest reindeer husbandry region (henceforth forest dis-
tricts). About 44% of respondents had herding as their full-time job and
56% as a part-time job. The average age of respondents was 51 years.
Based on the age distribution of respondents, we estimate that at least
80% of the respondents have at least 30 years of experience on practic-
ing the livelihood. Respondents gave altogether 160 in-depth descrip-
tions of the seasonal weather changes (41 for summer, 39 for autumn,
36 for winter and 44 for spring) and 194 descriptions of consequent ef-
fects onherding (46 for summer, 47 for autumn, 50 forwinter and51 for
spring).

The reindeer herder responses were analyzed separately for the
fell and forest districts in Fig. 1. We classified the replies as agree-
ments (values 1–2; change observed into the direction of the
argument), neutrals (3; no change observed) and disagreements
(values 4–5; change observed into opposite direction). The key find-
ings of the study are presented in the form of maps, while more de-
tailed results are shown as column charts in the Supplementary
material (Figs. S2–S9).

Adaptation actions performed in response to climate changes were
not explicitly addressed by the survey, but, in their free-form com-
ments, many respondents explained the coping strategies they had
adopted in their everyday herding work (altogether 62 references).
The free-form comments are presented in full in the Supplementary
material (Tables S2–S9) and some excerpts of this material are pre-
sented in this article to illustrate the effects of the ongoing climate
change on the nature-based livelihoods from a more holistic
perspective.
2.3. Climate indices

Alongside analyses of the herder observations and perceptions, a
suite of seasonal and annual climate indices were calculated on the
basis of information frommeteorological measurements during the pe-
riod 1981–2010. A total of 14 temperature-, precipitation- and snow-
related indices relevant for reindeer herding were considered
(Table 2). Three of the indices (ID, R1d, RR10) belong to the core set of
extreme indices recommended by the Expert Team on Climate Change
Detection and Indices (ETCCDI; e.g. Sillmann et al., 2013). The snow-
related indices were selected from a set of indices examined by
Luomaranta et al. (2019). The indices for prolonged warm and wet pe-
riods (Warm1w and Wet2w) were originally defined by Peltonen-
Sainio et al. (2016a) and used in studies on weather risks in agriculture
(Peltonen-Sainio et al., 2016b, 2016c).

For calculating the indices, seasons were defined as JJA (summer),
SON (autumn), DJF (winter) and MAM (spring). The number of rainfall
days (Rain-d) was set equal to the number of wet days having daily
minimum temperature equal to or above zero. When the number of
rain-on-snow days (ROS-d) was calculated, a condition of at least
1 cm snow depth was added to this definition. In northern Finland,
the day is generally regarded as hot if the daily mean temperature is
higher than 20 °C, and cold if it is lower than −25 °C. The number of
hot days (Hot-d) and cold days (Cold-d) were defined accordingly
(Table 2).

The climate indices were derived from FMIClimGrid, a daily gridded
climate dataset covering Finland with a spatial resolution of 10 km
× 10 km (Aalto et al., 2016). The dataset consists of daily values of
seven climate variables, of which five were used in the present study:
minimum, maximum and mean temperature, precipitation and snow
depth (Table 2). FMIClimGrid is based onweather observations atmete-
orological stations in Finland and the neighboring countries
(i.e., Sweden, Norway, Russia and Estonia). A kriging interpolation
method was used for the gridding procedure (Matheron, 1963;
Goovaerts, 1999). The effects of the geographical location of theweather
stations, topography andwater bodies (sea and lake effects) were taken
into account in the interpolation routine used by Aalto et al. (2016). The
uncertainties in the dataset were related to spatiotemporal inconsis-
tencies in the station network, the incomplete sample of background
data used as external predictors, inhomogeneity in the observation
data, and the sensitivity of the interpolation model parameters. The
dataset is fully documented in Aalto et al. (2016).

The climate indices are presented in this paper as 1) time series
showing annual values calculated separately for the fell and forest dis-
tricts, 2) maps showing the mean values (in Supplementary material),
and 3) maps showing the temporal trend values for selected indices at
10 km resolution within the RMA. The trends in indices were calculated
using the non-parametric Sen's slope method. The statistical signifi-
cance of the trends was calculated using the Mann-Kendall trend test.
These methods are generally considered as robust and reliable, except
that in the case of rare events, the trend may appear significant even
though it is, in practice, nonexistent. We also calculated the standard
deviations of yearly values of annual and seasonal climate indices and
compared these to time-mean average changes per decade in the re-
gions of RMA where the trends were statistically significant. The pur-
pose of this comparison was to support our interpretations regarding
the questionnaire survey results (for a human observer it may be diffi-
cult to separate the possible change in a variable from interannual var-
iation, when the standard deviation is of the same magnitude or larger
than the decadal trend). Some of the indices corresponded directly to
the arguments presented in the questionnaire survey, whereas other in-
dices were rather discrete or stand-alone ones. Some of the arguments



Table 2
Climate indices calculated from the FMIClimGrid dataset for daily mean temperature (Tmean), daily maximum temperature (Tmax), daily minimum temperature (Tmin), daily precipi-
tation sum (Prec) and snow depth (SN). The indices have been calculated for a 3-month season, unless marked with an asterisk (annual values used).

Index Description Unit Season

Temperature
Hot-d Days with Tmean N20 °C Nr of days ⃰ ANN
DD Degree day sum for Tmean N5 °C °C days⃰ ANN
Cold-d Days with Tmean b −25 °C Nr of days* ANN
ID Days when Tmax ≤0 °C Nr of days SON, DJF, MAM
Zero Zero-crossing days: Tmin b0 °C and Tmax N0 °C Nr of days SON, DJF, MAM

Warm1w Periods of seven consecutive days with Tmean ≥ Tseaa +3 °C, and in at least six of them Tmean ≥ Taveb + 3 °C
Nr of
periods

JJA, SON, DJF,
MAM

Precipitation

Rain-d Days when Prec ≥1 mm and Tmin ≥0 °C Nr of days
JJA, SON, DJF,
MAM

R1d Largest daily precipitation mm/day JJA
RR10 Days with Prec ≥10 mm Nr of days JJA

Wet2w
Periods with Prec2wc ≥ Pmond and at least seven days with Prec ≥0.5 mm and at maximum two consecutive days with Prec b0.5
mm

Nr of
periods JJA

ROS-d Days when Prec ≥1 mm, Tmin ≥0 °C and SN ≥ 1 cm Nr of days SON, DJF, MAM

Snow
BEG Snow cover formation date Date* ANN
SOD Snow cover melt day, first snow free day after the winter maximum snow depth Date* ANN
MaxSN Annual maximum snow depth cm* ANN

a Tsea = climatological mean temperature of a season.
b Tave = mean temperature of a 30-day period (moving average).
c Prec2w = precipitation sum during a 2-week period.
d Pmon= climatological monthly mean precipitation sum.
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of the survey were difficult to translate into climate indices (e.g. more
frequent mold/ice layer formation).

3. Results

Mean climatic conditions vary considerably within the RMA
(Figs. S10–S13). Climate indices show also remarkable interannual var-
iability, both in fell and forest districts (Figs. S14–S17). In this section,
we present the changes in the seasonal weather as experienced by the
herders, and as manifested through the climate indices calculated for
the RMA for the period from 1981 to 2010. We start from the summer
season, following the seasonal cycle in reindeer life and herding
(Table S1 and Fig. S1). Also, the reindeer herder observations of the ef-
fects of these changes on herding practice are described. See Table 3
for the summary of the survey results and Supplementary material
(Figs. S2–S9; Tables S2–S9) for further details not shown here.

3.1. Summer – warmer or wetter?

3.1.1. Herder experiences and meteorological observations of summer
climate

In the questionnaire survey, nearly 80% of the herders reported that
summer precipitation has increased, and over 70% reported that heavy
rains have become more common. Instead, the herders had not gener-
ally observed any particular changes in the summer temperatures, al-
though some divergent views on warming and more frequent heat
periods were expressed (Table 3, Table S2). Present-day summers
were perceived as warmer than before in some districts in the southern
andnorthwestern parts of theRMA (Fig. 2a). Themajority of the herders
reported having observed greater variability in summer weather. They
noted that variation in the summer temperature and precipitation is
large not only interannually but also within the season. The views of
the herders of the fell and forest districts concerning the changes in
summer weather were mostly similar to each other.

Statistically significant increasing temporal trends in the annual
number of hot days (Hot-d) were detected rather widely in the south-
ern part of the RMA (Fig. 2b). In these regions, the increase was
1–1.5 days per decade and, on the other hand, the standard deviation
of yearly values was 2–6 days. In only four districts located within
these regions, a majority of respondents reported about warming sum-
mers (Fig. 2a). The annual degree day sum (DD) has significantly in-
creased all around the RMA (Fig. 3b), most strongly in the southern
and central RMA where the trend was 80–100 days per decade, the
standard deviation being 110–130 days or locally more. This is not
only related to warmer summers, but also to the lengthening of the
growing season.

All precipitation indices had remarkable interannual and spatial var-
iability (shaded areas in the Fig. S14). The number of rain days (Rain-d)
increased significantly (by 4–6 days per decade) in some rather local-
ized areas only (Fig. 4). In these areas the standard deviation of Rain-d
was 3–5 days. Indices related to the heavy precipitation events also
showed increasing trends in some northern locations: 3–6 mm per de-
cade for the largest daily precipitation (R1d; Fig. 5a) and approximately
1 day per decade for the number of heavy precipitation days (RR10;
Fig. 5b). The corresponding standard deviations for R1d and RR10
were mainly 5–10 mm and 3–4 days, respectively. For R1d, decreasing
trends occurred in the southern areas, locally−2 to−4mmper decade,
standard deviation being 5–10 mm and locally up to 15 mm.

3.1.2. Effects of the changes in the summer climate on herding
According to the free-form comments of the herders of the fell

districts (Table S6 in Supplementary material), a cold and rainy sum-
mer is worse for herding than a dry and warm one. Delayed and poor
development of vegetation can have negative impacts on milk pro-
duction of dams and growth of calves. A rainier but warmer and lon-
ger growing season may increase the growth of vegetation and
availability of high-quality forage, e.g. mushrooms, for reindeer. On
the other hand, rainy summers, wet ground and flooding rivers can
make gathering and moving reindeer to the round-up sites with ter-
restrial vehicles more difficult. Interestingly, lack of insect harass-
ment, which is dependent on temperature and precipitation, can
hamper reindeer moving to the round-up sites. Only 11% of the re-
spondents had not observed any impacts of changes in the summer
weather on herding so far.

The herders of the forest districts reported that collecting and
moving reindeer to the calf-marking round-up sites has become
more difficult, because due to, e.g. short heat periods and lack of in-
sect harassment, reindeer do not gather into herds as early as they



Table 3
A summary of the survey results. Agreements, i.e., changes observed into the direction of the argument (median values 1–2) are bolded. Percentages of responseswith values 1–2 (change
observed into the direction of the argument), 3 (no change observed) and 4–5 (change observed into opposite direction) are also given. NA means missing answers; no answers were
missing from the fell districts. The category including the majority of the responses is shaded.
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did before. Many herders also pointed out that lack of long dry pe-
riods in the summer has led to difficulties in producing hay for sup-
plementary winter feed for reindeer, and that hay is of worse
quality than earlier. Some herders had observed that reindeer in
the forest districts are in any case doing better due to lack of long
heat periods and weaker insect harassment: “Cool summer has helped
reindeer keep fit… The heat periods have been relatively short.” Some of
the herders held the view that the changing summer weather is in-
significant for reindeer herding.
3.2. Longer and warmer autumn?

3.2.1. Herder experiences and meteorological observations of autumn
climate

The herder views on delayed frost season in autumn and its conse-
quent impacts on snow and ice phenomena are rather unanimous
(Table 3, Table S3). Herders of the fell and forest districts had experi-
enced a delayed onset of the frost period (subzero temperatures),
later formation of the ground frost as well as ground frost being



Fig. 2. a) Median values of answers by district to the argument “Summers are warmer than before” in the survey targeted to reindeer herders. Violet = no change observed (median
2.5–3.5); red = change/some change observed into the direction of the argument (median b 2.5); blue = change observed into the opposite direction (median N 3.5); white =
missing data. b) The change in the annual number of hot days (Hot-d) per decade within the RMA in 1981–2010. Locations with significant trends (at 5% significance level) are
marked with black check marks. The trend is zero in the white area. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

7S. Rasmus et al. / Science of the Total Environment 710 (2020) 136229
shallower than before, and later formation of the snow cover. Experi-
ences of autumn precipitation changes differed regionally. About 58%
of the herders of the forest districts and only 39% of herders of the fell
districts had observed increased precipitation in autumn. As many as
68% of the herders of the forest districts had observed increased forma-
tion of mold in the vegetation compared to 44% of the herders of the fell
districts.

Meteorological data for 1981–2010 showed a tendency towards
later snow cover formation dates, but the trends in BEGwere significant
only in some northern parts of the RMA (Fig. 6), locally 4–7 days per de-
cade. In the same areas the standard deviationwas 5–15days. The num-
ber of ice days (ID) declined in the whole RMA, but the trend was not
significant during the study period. Further, the number of zero-
crossing days (Zero) and the number of rain-on-snow days (ROS-d),
the indices considered among themain drivers of formation of icy forag-
ing conditions, did not change significantly during the study period. It is
nevertheless clear that therewas large annual variability in the values of
these indices (Fig. S15), and their number alone could not describe the
occurrence of conditions favoring ice formation on the ground and the
severity of icing on reindeer pastures.

3.2.2. Effects of the changes in the autumn climate on herding
According to the free-form comments of the herders of the fell

districts (Table S7 in Supplementary material), reindeer, particularly
calves, benefit from late formation of the snow cover through higher
availability of forage. Herders of the fell districts also reported that
variable andwarm autumnweather may delay the timing and impair
the intensity of the rut. Round-ups may be delayed even until Janu-
ary, and reindeer need to be collected and moved to the round-up
sites by terrestrial vehicles instead of snowmobiles due to lack of
snow or thin snow cover. Some herders of the fell districts pointed
out that the need for supplementary winter feeding has increased
due to an increased risk of poor digging conditions (risk of icing of
the snow cover).
The herders of the forest districts reported that, due to warm au-
tumn weather, reindeer stay longer in summer pastures. Foraging con-
ditions in autumn have deteriorated because the frosts arrive later than
before, soil does not freeze before the snow comes,moldmay be formed
on the vegetation and if it rains there is a risk of basal ice formation on
the soil. Because of poor foraging conditions, reindeer may start
roaming and the herds are dispersed, which may make the gathering
of the herds difficult and delay the round-ups. Also, the rut can be
weaker and delayed. Use of terrestrial vehicles (ATVs) has increased
due to lack of frost periods and snow, and their period of usage has
been extended. Lack of or a weak ice cover on the waterbodies and
mires may increase the risk of reindeer drowning when they are
moved to the round-up sites. Herders also reported that supplementary
feeding needs to be started earlier in some regions than before. Reindeer
tend to move to familiar feeding places and enclosures much earlier
than 20–30 years ago. Furthermore, in particular the herders from the
southernmost districts noted that warmer autumns have increased
the occurrence of new parasites, such as the deer ked, (Lipoptena
cervi), whichworsens the condition of the reindeer. One herder pointed
out that warm and moist autumn weather makes the reindeer more
susceptible to diseases.

3.3. Warmer and wetter winters?

3.3.1. Herder experiences and meteorological observations of winter
climate

The respondents were rather unanimous in their views of most of
the arguments about the changes in winter climate presented in the
survey (Table 3; Table S4). The herders from both the fell and the for-
est districts reported that winters have become warmer and the
number of subzero days has decreased. The majority of the herders
also reported that rainfalls during the winter have become more fre-
quent. The argument about increased snow depth yielded somewhat
divergent responses (Table 3). Many of the herders had not observed



Fig. 3. a) The annual degree day sum (DD) as a function of time in fell and forest districts during 1981–2010, indicating significant increasing trends. The dots depict spatial averages and
the shaded areas show the ranges (the highest and lowest annual values) across the grid boxes of the regions. b) The change inDDwithin theRMA in1981–2010. Locationswith significant
trends (at 5% significance level) are marked with black check marks.
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changes in snow depth during the study period. However, deeper
snow covers had been recently experienced in the northern part of
the RMA in particular (Fig. 10a). The herders also pointed out that ac-
cumulation of snow and hard rime loads on tree branches (“tykky”)
has increased. The herders from the forest districts in particular re-
ported that winters have become windier. They had also observed
that winter weather has become more variable and that the forma-
tion of icy layers within the snow cover and basal ice has become
more common (Table 3).

According to the indices calculated from the meteorological data,
winter warmingwas evident in the whole of the RMA. The number of
warm weeks (Warm1w) has increased (Fig. 7) in large areas, most
strongly in the southern and central parts of the RMA (about
1 week per decade). The standard deviation in these areas was
1.5–2.5 weeks. The number of cold days (Cold-d) has decreased in
parts of the RMA 2–4 days per decade (Fig. 8), standard deviation
in these parts being mainly 6–10 days. There were also local in-
creases in the number of rain days (Rain-d); most notably in the
southern part of the area (Fig. 9) where the trend was 1–2 days per
decade and standard deviation was 1–2 days. Annual maximum
snow depth (MaxSN) had a decreasing trend of 5–10 cm per decade,
or locally more, in the northern part of the RMA (Fig. 10b). The



Fig. 4. The change in the number of rain days (Rain-d) in the summer season within the
RMA in 1981–2010. Locations with significant trends (at 5% significance level) are
marked with black check marks. The trend is zero in the white area.

Fig. 6. The change in the snow cover formation date (BEG)within the RMA in 1981–2010.
Locations with significant trends (at 5% significance level) are marked with black check
marks. The trend is zero in the white area.
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standard deviation of MaxSN in these regions was 10–20 cm. The re-
gion where the herders reported deeper snow covers (Fig. 10a)
partly coincides the area with weak increases detected in the
MaxSN. The trend was, however, not statistically significant during
the study period.
Fig. 5. a) The change in the largest daily precipitation (R1d) and b) the number of heavy precip
significant trends (at 5% significance level) are marked with black check marks. The trend is ze
3.3.2. Effects of the changes in the winter climate on herding
There was a great local variation in the responses among the

herders of the fell districts on how changing winter conditions affect
herding (Table S8 in Supplementary material). Some herders re-
ported that reindeer foraging conditions have been deteriorated
itation days (RR10) in the summer season within the RMA in 1981–2010. Locations with
ro in the white area.



Fig. 7. The change in the number of warmweeks (Warm1w) in the winter season within
the RMA in 1981–2010. Locations with significant trends (at 5% significance level) are
marked with black check marks. The trend is zero in the white area.

Fig. 9. The change in the number of rain days (Rain-d) in the winter season within the
RMA in 1981–2010. Locations with significant trends (at 5% significance level) are
marked with black check marks. The trend is zero in the white area.
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due to deep snow and ice formation, whereas others had experi-
enced an improvement in winter conditions through less snow.
Also, in forest districts, both positive and negative impacts of
changes in winter conditions were experienced. Thinner snow
Fig. 8. The change in the number of cold days (Cold-d) within the RMA in 1981–2010.
Locations with significant trends (at 5% significance level) are marked with black check
marks. The trend is zero in the white area.
cover, milder weather and shorter periods of very low temperatures
are favorable for reindeer, because reindeer stay more fit due to
higher availability of forage and lower energy expenditure. Some
herders reported that foraging conditions have been deteriorated
due to hard snow and icy layers formed on the soil and snow cover
resulting in declined availability of ground lichens for reindeer.
Hard snow and rime accumulated on the branches of trees have
also decreased the availability of arboreal lichens. As a consequence,
reindeer herds can be dispersed and the animals move more than
usual, which can present challenges to reindeer round-ups, leading
to delays in them. Changing winter conditions have increased the
need for taking reindeer into enclosures. Feeding reindeer in the en-
closures have largely replaced feeding in the field, and supplemen-
tary feeding has to be started earlier than before. In some districts,
the conditions were more favorable for the use of snowmobile over
extended time periods.

3.4. Earlier and warmer springs?

3.4.1. Herder experiences andmeteorological observations of spring climate
Most of the herders of both fell and forest districts reported that the

frost period ends earlier in the spring, and some had experienced that
the spring heat waves occur earlier than before (Table 3, Table S5).
The growing season was found to start earlier and the development of
birch leaves wasmore advancedwhen compared to the earlier decades.
Therewas some divergence in the views of the herders from the fell dis-
tricts (Table 3). Some experienced that the duration of the frost period
during the spring has become longer, whereas most of the herders
had experienced earlier discontinuation of the frost period. Most of
the herders had experienced ice- and snowmelt occurring earlier, but
some stated that snowmelt now occurs later than before. Some herders
pointed out that the season of hard night frosts (affecting the snow
hardness during the spring) is shorter than before, being over already
before March. Some herders also noted that, due to evaporation of
snow, spring flooding is not as strong as before.



Fig. 10. a) Median values of answers by district to the argument “Snow cover is deeper than before” in the survey targeted to reindeer herders. Violet = no change observed (median
2.5–3.5); red = change/some change observed into the direction of the argument (median b 2.5); blue = change observed into the opposite direction (median N 3.5); white =
missing data. b) The change in the annual maximum snow depth (MaxSN) within the RMA in 1981–2010. Locations with significant trends (at 5% significance level) are marked with
black check marks. The trend is zero in the white area. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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A decrease in the number of ice days (ID) in springwas found partic-
ularly in the northern part of the study area (Fig. 11), where it was lo-
cally 3–5 days per decade. The standard deviation of ID in these
Fig. 11. The change in the number of ice days (ID) in the spring season within the RMA in
1981–2010. Locations with significant trends (at 5% significance level) are marked with
black check marks. The trend is zero in the white area.
regions is 0.5–3 days. A trend towards an earlier snowmelt date
(SOD), locally 3–5 days per decade, was statistically significant only in
the southern part of the RMA (Fig. 12). The standard deviation of SOD
Fig. 12. The change in snowmelt date (SOD)within the RMA in1981–2010. Locationswith
significant trends (at 5% significance level) are marked with black check marks. The trend
is zero in the white area.



Fig. 13. The change in the number of zero-crossing days (Zero) in the spring seasonwithin
the RMA in 1981–2010. Locations with significant trends (at 5% significance level) are
marked with black check marks. The trend is zero in the white area.
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was 9–12 days in these areas. The number of zero-crossing days (Zero)
related to the night frosts showed an increasing trend of 3–5 days per
decade in the northern parts of the region (Fig. 13) (standard deviation
6–8 days). Slight, local increases in the number of rain days (Rain-d)
were found within the RMA, most clearly in its southern parts where
the trend was 2–3 days per decade (map not shown). Standard devia-
tion of Rain-d was 3–5 days in these areas. Precipitation in spring was
not explicitly addressed in our questionnaire.

3.4.2. Effects of the changes in the spring climate on herding
According to the free-form comments of the herders of the fell dis-

tricts (Table S9 in Supplementary material), earlier arrival of spring
has had a positive impact on reindeer herding. Snow-free patches on
the fells were available for reindeer grazing earlier than before. Due to
advanced development of vegetation and the consequent higher avail-
ability of fresh forage plants for milk-producing dams and their calves,
the calves will be fit by the time the calf marking period starts in the
summer. Spring can also be a difficult time for herding on the fells:
Start of the growing season is uncertain, it can snow heavily at calving
time, and riverine flooding can be strong, which exposes the calves to
accidents.

In the forest districts, as well, most of the herders reported that ear-
lier spring can have positive impacts on herding. Due to earlier snow-
melt, the risk of reindeer calving taking place in snowy conditions is
nowadays smaller, and due to advanced emergence of spring vegeta-
tion, reindeer can feed on natural forage earlier than before. Early spring
lowers the expenses of supplementary feeding. The winter feeding pe-
riod is shorter because reindeer can be released from enclosures to the
summer pastures much earlier than before. Some herders report that
the interannual variation of spring conditions is great and that the ar-
rival of spring has not advanced. A few herders reported that the earlier
arrival of spring has not had any impact on reindeer herding. Some
others list negative impacts related to early springs, such as strong
flooding and increased predatory threat.
3.5. Coping strategies of herders

Gathering and moving reindeer to the calf marking round-up sites
has becomemore difficult in the summer, because reindeer do not nec-
essarily gather into herds due to e.g. short warm periods and lack of in-
sect harassment (Table S6). Therefore, many herders have given up the
summer calf-marking period and, instead, mark calves only during the
autumn-winter round-ups or already in the spring in the case of enclo-
sure calving. Rescheduling the calf marking was also reported as a way
to cope with long heat periods and severe insect harassment during
summer (see also Turunen et al., 2016). In the autumn, weather-
related factors, such as mold or ice on pastures may cause herds to be
dispersed over a wide area, which delays round-ups (Table S7). Due to
lack of snow or thin or non-uniform snow cover, reindeer are collected
and moved to the round-up sites increasingly by terrestrial vehicles,
particularly ATVs, or helicopters instead of snowmobiles.

In winter, supplementary feeding plays an important role in adapta-
tion of reindeer to the changing weather conditions (Table S8). The
need for supplementary winter feeding of reindeer has increased, and
in some regions, it needs to be started earlier than before. Many herders
held the view that although supplementary winter feeding increases
expenses, taking reindeer into enclosures is nowadays the only way to
gain regular income from herding (see also Turunen et al., 2013;
Turunen and Vuojala-Magga, 2014; Turunen et al., 2016). The majority
of the herders of the forest districts reported that changing winter con-
ditions have increased the need for taking reindeer into enclosures, and
that feeding reindeer in the enclosures has largely replaced feeding of
reindeer in the field. The herders of fell districts reported several strate-
gies for coping with deteriorated foraging conditions. These included
moving herds to lower elevations of fells with less snow or to wind-
exposed habitats where snow cover is thinner; adjusting the time the
herds (of a village or a siida) are kept together; moving the herds
from one pasture to another with the aid of hay earlier in the spring;
starting supplementary winter feeding; and monitoring ice formation
in the snow cover more carefully. Some herders reported (Table S9)
that supplementary feeding can bediscontinued earlier in the spring be-
cause of early snowmelt, which reduces the expenses for feeding. Rein-
deer can also be released from enclosures to the summer pasturesmuch
earlier than before.

4. Discussion

Our findings of the trends in climate indices were mainly consistent
with earlier studies in northern Fennoscandia. According to earlier stud-
ies, summers in northernmost Finland have become warmer in many
locations, but the trends in the amount of summer precipitation are
not clear (Virtanen et al., 2010; Lépy and Pasanen, 2017; Maliniemi
et al., 2018). Warmer autumns have been reported in several earlier
studies (Vuojala-Magga et al., 2011; Turunen et al., 2016; Kivinen
et al., 2017; Lépy and Pasanen, 2017; Jaakkola et al., 2018) as well as
shorter snow season with later formation of the snow cover (Rasmus
et al., 2014; Luomaranta et al., 2019). Only local increases in autumn
precipitation have been reported (Kivinen et al., 2017; Lépy and
Pasanen, 2017). Our observations of increased winter temperatures
are in accordance with earlier studies (Vikhamar-Schuler et al., 2010;
Vuojala-Magga et al., 2011; Kivinen et al., 2012; Rasmus et al., 2014;
Kivinen and Rasmus, 2015; Lépy and Pasanen, 2017). Winter precipita-
tion has increased within the study region (Rasmus et al., 2014; Lépy
and Pasanen, 2017). Increasing amount of mixed and liquid precipita-
tion has also been reported (Luomaranta et al., 2019) together with
more frequent and more intense rainy periods (Vikhamar-Schuler
et al., 2016). Previous studies have not found any significant changes
in thickness of the winter snow cover in the region (Rasmus et al.,
2014; Lépy and Pasanen, 2017; Luomaranta et al., 2019). Increasing
spring temperatures have been observed in previous studies (e.g.
Kivinen et al., 2017; Lépy and Pasanen, 2017), as well as earlier
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snowmelt (Vikhamar-Schuler et al., 2010; Rasmus et al., 2014; Lépy and
Pasanen, 2017) and thinner spring snow covers (Luomaranta et al.,
2019).

Reindeer herder observations of changes in seasonal weather char-
acteristics, gathered via a survey questionnaire, were generally in line
with the meteorological data. The observations of herders from the for-
est and the fell districts were mainly consistent with each other. Some
regional differences were seen in the observations concerning the
warming of summers, and changes in the autumn precipitation and
snow depth. Local variation was seen in the responses among the
herders when the arrival of spring was in question. The herders had ex-
perienced the largest number of changes during the winter, and the
smallest number of changes during the summer. Furthermore, herders
had experienced more variable weather, which has also been reported
in earlier studies based on local knowledge (e.g. ACIA, 2004; Helander,
2004; Vuojala-Magga et al., 2011).Weather variability is a complex con-
cept. Conclusions drawn in the scientific studies depend on the tempo-
ral scales and measures of variability used (Fischer and Knutti, 2014). If
the variance of daily temperatures is considered as a measure of vari-
ability (or spread), it is evident that there is a general decreasing trend
in variability in northern mid- and high latitudes, as cold days have
warmed more than warm days (Screen, 2014; Lorenz et al., 2019). Fur-
thermore, in the mid-latitudes the warming may cause weather pat-
terns to move more slowly, increasing weather persistence (Overland
et al., 2015). The replies in our survey may be interpreted as a common
perception of a decrease, rather than an increase, inweather persistence
from one day to the next, meaning rapid, intermittent change in the
daily weather. To the knowledge of the authors, weather persistence
of sub-arctic Scandinavia has not been explicitly studied, but there are
several recent studies on high latitude cyclone activity. Changes in cy-
clone activity in the vicinity of our study area could lead to changes in
weather persistence. Studies concentrating on Arctic cyclone activity
during past decades observe no clear trends, or regional decreases or in-
creases (Koyama et al., 2017;Wei et al., 2017; Zahn et al., 2018). Accord-
ing to Koyama et al. (2017), more intense cyclones have been
experienced due to the increases in precipitable water in the atmo-
sphere. Zhang et al. (2004) and Sepp and Jaagus (2011) also report on
increase in the number and intensity of cyclones entering the Arctic
from the mid-latitudes.

There were some interesting discrepancies between herder obser-
vations and the meteorological data. For example, warming of sum-
mers was seen more in the analysis of climate indices, than in the
answers of the survey respondents. The herders had generally experi-
enced an increase in summer precipitation and reported that heavy
precipitation has become more frequent, while meteorological data
showed only local increases in the indices related to the heavy precip-
itation events. The human memory is believed to emphasize recent
and rare conditions. Our survey opened in autumn 2016, just after
the summer during which record-breaking precipitation sums had
been observed in several locations around the northern Finland
(FMI, 2017). Both summer of 2016 and also 2015 had been relatively
cool and rainy; autumns, winters and springs of these recent years
had, on the other hand, been warmer than average. The use of climate
data from the period of 1981–2010 (current three-decade normal pe-
riod in use, not extending to themost immediate past) has most prob-
ably contributed to these discrepancies. Furthermore, for a human
observer it may be difficult to separate the possible change from inter-
annual variation (Figs. S14–S17). Standard deviations of climate indi-
ces were generally of the same magnitude or larger than the changes
per decade. The detected decadal change was stronger than the stan-
dard deviation only for the number of rain days (Rain-d) in the sum-
mer, locally, and the number of ice days (ID) in the spring. For
example, the decrease in the ID per decade in northwestern fell region
was 3–5 days, standard deviation being 0.5–3 days. In this case, most
of the herders from the fell districts had experienced discontinuation
of the frost period in spring. Large interannual variability, together
with a relatively short study period, may also mask trends possibly
present in a longer time series.

Experienced impacts on herding and adaptation needs were rather
consistent between the forest and fell districts, but more numerous
and varied in the forest districts compared to the fell region. Local vari-
ation was seen in the herder views concerning the impacts of changing
winter climate on herding. Reindeer management adapts to changing
climatic conditions through adoption of various coping strategies in
the everyday work of herders. Professional techniques and practices
are also continuously developed, e.g. regulating the reindeer numbers
and herd structure, or utilizing pasture rotation systems. The coping ca-
pacity of herding is dependent on the geographical space available for
adaptation actions and facilitated by variations in topography, vegeta-
tion and herding practices (Tyler et al., 2007; Moen, 2008; Riseth
et al., 2016; Turunen et al., 2016, 2019; Peltonen-Sainio et al., 2017).
Large, diverse and peaceful pastures give herdersmore choice regarding
the coping strategies available during various weather conditions. The
fell and forest districts differ in terms of herding practices and pasture-
land types (Table 1) as well as are involved with different kinds of dis-
turbance factors. Seasonal coping strategies of herders (Tables S6–S9)
mirror these differences.

It is crucial that the coping strategies adopted in everyday herding
work are supported by local, regional and national governance of rein-
deer management. When preparing adaptation strategies, governance
level of reindeer management needs to understand the local impacts
of seasonal changes, and to acknowledge that the coping strategies al-
ready in use are based on local practitioner knowledge – experiences
and perceptions on what is normal and what can be expected. In
Finland, national adaptation to climate change is guided by TheNational
Climate Change Adaptation Plan 2022 (MAF, 2014). A separate adapta-
tion plan does not exist for reindeer husbandry, although need for this
has been acknowledged (MAF, 2005, 2014). Reindeer management in
Finland has recognized the need for adaptationmeasures, impacts of cli-
mate change are known qualitatively, and some adaptation measures
have been identified and are being planned (MAF, 2009, 2013;
Peltonen-Sainio et al., 2017). Measures mentioned to mitigate the ad-
verse effects of climate change are maintaining the uniformity and di-
versity of the pasture areas, improving reindeer health, limiting the
expansion of invasive alien species, environment protection, consider-
ing reindeer management in the legislation regulating land-use plan-
ning, developing the financial instruments, and relevant research.
Accordingly, adaptation to climate change requires consolidation of dif-
ferent land use needs and participatory planning approaches (Oinonen
et al., 2014; RHA, 2014), consideration of sustainable development and
socio-economic and cultural aspects in planning processes, and research
and education on climate risks (Forbes, 2006; Hukkinen et al., 2006;
Finland's Strategy for the Arctic Region, 2013; Soppela and Turunen,
2017). Furthermore, legislation has recently recognized the need of
reindeer herding to cope with difficult weather events. Act on
compensation of damages caused to reindeer herding (987/2011 and
655/2016) aims at supporting herders to copewith extensive and unex-
pected damages resulting from natural events like exceptional weather
conditions. To our knowledge, at the time of writing this article, there
have been no cases inwhich this legislation has been applied in practice.
In the time of rapid change, it may be challenging to definewhat consti-
tutes “normal”, “rare”, “exceptional” and “unexpected” weather condi-
tions and set the corresponding compensation amounts.

Both meteorological observations and practitioner knowledge are
needed for understanding of the effects of climate change on reindeer
management, and to support decision-making on adaptation to climate
change. To clarify the useful features of the knowledge sets, also critical
evaluation is needed. Meteorological data are objective, systematical,
and have full spatial coverage on the study area. However, fine-scale
variability seen in the northern nature may cause errors and uncer-
tainties into the interpolation of the climate data, even when a grid
with high spatial scale is used. Also aspects like experiences, impacts
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on, and coping of local communities aremissing. Herder experiences on
seasonal weather are very much local in nature. On one hand this
knowledge is unsystematic, spatially inconsistent and potentially biased
(Couzin, 2007; Monastersky, 2009; Alexander et al., 2011; Huntington,
2011). There may, e.g. be seasonal bias causing the critical seasons to
get disproportionate attention. On the other hand, herder observations
provide valuable information on local conditions, the occurrence of ex-
treme and harmful weather events and their consequences on the live-
lihood (see e.g. Rasmus et al., 2018).

Climate indices provide a quantitative ground which serves as an
easy starting point for discussions on climate change and the adaptation
actions it calls for. We aimed at using indices with a temporal scale that
is comparable to human experience and easy to relate to the daily work
of herding. High spatial resolution of themeteorological data and its full
spatial coverage on the study area also enable bringing changing sea-
sonal weather to the scale of the herder experiences as they move
around and work in the landscape. Time series data and spatial visuali-
zations of observed changes enable discussions on topics such as the re-
gional differences in extreme events and the reasons for adopting
different coping strategies. It should be noted that some of the indices
could be easily connected with practitioner knowledge, whereas some
of the arguments used in the questionnaire were difficult to translate
into indices which could be derived from the data set used (more fre-
quent mold/ice layer formation). The data set itself had some inherent
limitations as e.g. humidity and wind data were not available.

5. Conclusions

Parallel examination of meteorological observations and practi-
tioner knowledge can provide new insights into the temporal and spa-
tial variability of the warming of the northern latitudes. In our work,
relating the different knowledge sets enabled us not only to study the
ongoing climate change in general, but also to examine its specific im-
pacts on the northern environment with a particular focus on the
nature-based livelihoods. We conclude that using different knowledge
sets togetherwill support decisionmaking related to climate change ad-
aptation. This view is shared also by IPCC (2019),who recently called for
learning to relate different knowledge sets, as through this process new
and relevant understanding for improveddecisions and solutions can be
created.

It is expected that, in the future, research problems will be increas-
ingly co-defined and governance solutions co-plannedwith local practi-
tioners. In these processes, new tools to present data and discuss the
implications of observed changes are needed. Important features of
these new tools are defining quantities, indices and observations rele-
vant for all involved in the process, consideration of temporal and spa-
tial scales when presenting the data, and genuine data fusion, where
both local practitioner knowledge and scientific knowledge are treated
with appreciation, acknowledging the strengths and weaknesses of
both formsof knowledge. The approach presented in thiswork can facil-
itate the dialogue between the local practitioners, researchers and pol-
icy makers. Our study focused on reindeer husbandry, but the
approach is applicable to other nature-based livelihoods (e.g. hunting,
gathering, fishing and small-scale farming and forestry) facing adapta-
tion needs caused by changing climate.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

We would like to thank Elisa Pääkkö (Metsähallitus), Marja
Anttonen (Reindeer Herders' Association) and Katariina Mäkelä
(Finnish Environment Institute SYKE) for their collaboration with the
planning of the questionnaire. The personnel of the Reindeer Herders'
Association distributed the questionnaire, which we warmly acknowl-
edge.We are grateful to TimoVihma at the FinnishMeteorological Insti-
tute for valuable discussions and to Arto Vitikka at the Arctic Centre of
the University of Lapland for technical help. Thanks are also due to Sari
Kokkola for checking the language of themanuscript. Sirpa Rasmus was
funded through the project “Changing operational environment of Finn-
ish reindeer herding” by the Finnish Cultural Foundation and Nordforsk
Nordic Centre of Excellence ReiGN (project number 76915). Sonja
Kivinen was funded by the Academy of Finland Strategic Research
Council project IBC-CARBON (project number 312559).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2019.136229.
References

Aalto, J., Pirinen, P., Jylhä, K., 2016. New gridded daily climatology of Finland:
permutation-based uncertainty estimates and temporal trends in climate. Journal of
Geophysical Research: Atmosphere 121, 3807–3823. https://doi.org/10.1002/
2015JD024651.

ACIA, 2004. Arctic Climate Impact Assessment. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.

Agrawal, A., 1995. Dismantling the divide between indigenous and scientific knowledge.
Dev. Chang. 26 (3), 413–439.

Alexander, C., Bynum, N., Johnson, E., King, U., Mustonen, T., Neofotis, P., Oettlé, N., et al.,
2011. Linking indigenous and scientific knowledge of climate change. BioScience 61
(6), 477–484.

AMAP, 2017. Adaptation Actions for a Changing Arctic: Perspectives From the Barents
Area. Oslo: Arctic Monitoring and Assessment Programme (AMAP).

Berkes, F., 2008. Sacred Ecology. Routledge, New York.
Buchanan, A., Reed, M., Lidestav, G., 2016. What's counted as a reindeer herder? Gender

and the adaptive capacity of Sami reindeer herding communities in Sweden. Ambio
45 (Suppl. 3), 352–362. https://doi.org/10.1007/s13280-016-0834-1.

Couzin, J., 2007. Opening doors to native knowledge. Science 315, 1518. https://doi.org/
10.1126/science.315.5818.1518.

Eira, I.M.G., Jaedicke, C., Magga, O.H., Maynard, N.G., Vikhamar-Schuler, D., Mathiesen,
S.D., 2013. Traditional Sami snow terminology and physical snow classification –
two ways of knowing. Cold Reg. Sci. Technol. 85, 117–130. https://doi.org/10.1016/
j. coldregions.2012.09.004.

Eira, I.M.G., Oskal, A., Hanssen-Bauer, I., Mathiesen, S.D., 2018. Snow cover and the loss of
traditional indigenous knowledge. Nat. Clim. Chang. 8, 928–931. https://doi.org/
10.1038/s41558-018-0319-2.

Finland'’s Strategy for the Arctic Region, 2013. Government Resolution on 23 August
2013. 16. Prime Minister's Office Publications, p. 2013.

Fischer, E., Knutti, R., 2014. Impacts: heated debate on cold weather. Nat. Clim. Chang. 4,
537–538. https://doi.org/10.1038/nclimate2286.

FMI (Finnish Meteorological Institute), 2017. Vuoden 2016 sää. https://ilmatieteenlaitos.
fi/vuosi-2016, Accessed date: 4 May 2019 (in Finnish).

Forbes, B.C., 2006. The challenges of modernity for reindeer management in northern-
most Europe. In: Forbes, B.C., Bölter, M., Müller-Wille, L., Hukkinen, J., Müller, F.,
Gunslay, N., Konstantinov, Y. (Eds.), Reindeer Management in Northernmost
Europe: Linking Practical and Scientific Knowledge in Social-ecological System. Eco-
logical Studies vol. 184. Springer-Verlag, Berlin, pp. 11–25.

Forbes, B.C., Stammler, F., 2009. Arctic climate change discourse: the contrasting politics
of research agendas in the West and Russia. Polar Res. 28, 28–42.

Franke, A.K., Aatsinki, P., Hallikainen, V., Huhta, E., Hyppönen, M., Juntunen, V., Mikkola,
K., et al., 2015. Quantifying changes of the coniferous forest line in Finnish Lapland
during 1983–2009. Silva Fennica 49 (4), 1408. https://doi.org/10.14214/sf.1408.

Goovaerts, P., 1999. Geostatistics in soil science: state-of-the-art and perspectives.
Geoderma 89, 1–45. https://doi.org/10.1016/S0016-7061(98)00078-0.

Hagemoen, R.I.M., Reimers, E., 2002. Reindeer summer activity pattern in relation to
weather and insect harassment. J. Anim. Ecol. 71 (5), 883–892.

Härkönen, L., Härkönen, S., Kaitala, A., Kaunisto, S., Kortet, R., Laaksonen, S., Ylönen, H.,
2010. Predicting range expansion of an ectoparasite – the effect of spring and sum-
mer temperatures on deer ked Lipoptena cervi (Diptera: Hippoboscidae) performance
along a latitudinal gradient. Ecography 33, 906–912.

Heggberget, T.M., Gaare, E., Ball, J.P., 2002. Reindeer (Rangifer tarandus) and climate
change: importance of winter forage. Rangifer 22 (1), 13–31.

Helander, E., 2004. Global change – climate observations among the Sami. In: Mustonen,
T., Helander, E. (Eds.), Snowscapes, Dreamscapes: SnowChange Book on Community
Voices of Change. Tampere Polytechnic publications, ser. C. Tampere: Tampereen
ammattikorkeakoulu.

Helle, T., 1984. Foraging behaviour of semi-domesticated reindeer (Rangifer tarandus
tarandus) in relation to snow in Finnish Lapland. Reports from the Kevo Subarctic Re-
search Station 19, 35–47.

https://doi.org/10.1016/j.scitotenv.2019.136229
https://doi.org/10.1016/j.scitotenv.2019.136229
https://doi.org/10.1002/2015JD024651
https://doi.org/10.1002/2015JD024651
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0010
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0010
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0015
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0015
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0020
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0020
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0025
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0025
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0030
https://doi.org/10.1007/s13280-016-0834-1
https://doi.org/10.1126/science.315.5818.1518
https://doi.org/10.1126/science.315.5818.1518
https://doi.org/10.1016/j. coldregions.2012.09.004
https://doi.org/10.1016/j. coldregions.2012.09.004
https://doi.org/10.1038/s41558-018-0319-2
https://doi.org/10.1038/s41558-018-0319-2
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0055
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0055
https://doi.org/10.1038/nclimate2286
https://ilmatieteenlaitos.fi/vuosi-2016
https://ilmatieteenlaitos.fi/vuosi-2016
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0070
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0070
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0070
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0070
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0070
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0075
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0075
https://doi.org/10.14214/sf.1408
https://doi.org/10.1016/S0016-7061(98)00078-0
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0090
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0090
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0095
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0095
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0095
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0100
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0100
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0105
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0105
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0105
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0105
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0110
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0110
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0110


15S. Rasmus et al. / Science of the Total Environment 710 (2020) 136229
Helle, T., Aspi, J., 1984. Do sandy patches help reindeer against insects? Reports From the
Kevo Subarctic Research Station. 19, pp. 57–62

Helle, T.P., Jaakkola, L.M., 2008. Transitions in herd management of semi-domesticated
reindeer in northern Finland. Annales Zoologi Fennici 45 (2), 81–101. https://doi.
org/10.5735/086.045.0201.

Helle, T., Kojola, I., 1994. Body mass variation in semidomesticated reindeer. Can. J. Zool.
72 (4), 681–688.

Helle, T., Kojola, I., 2008. Demographics in an alpine reindeer herd: effects of density and
winter weather. Ecography 31, 221–230.

Hukkinen, J., Müller-Wille, L., Aikio, P., Heikkinen, H., Jääskö, O., Laakso, A., Magga, H., et
al., 2006. Development of participatory institutions for reindeer management in
Finland: a diagnosis of deliberation, knowledge integration and sustainability. Ecolog-
ical Studies 184, 47–71.

Huntington, H., 2011. The local perspective. Nature 478, 182–183.
Ingold, T., 2000. The Perception of the Environment: Essays in Livelihood, Dwelling and

Skill. Routledge, London.
Ingold, T., Kurttila, T., 2000. Perceiving the environment in Finnish Lapland. Body and So-

ciety 6, 183–196.
IPCC (International Panel on Climate Change), 2018. Summary for policymakers. In:

Masson-Delmotte, V., Zhai, P., Pörtner, H.-O., Roberts, D., Skea, J., Shukla, P.R., Pirani,
A., et al. (Eds.), Global Warming of 1.5°C. An IPCC Special Report on the Impacts of
Global Warming of 1.5°C Above Pre-industrial Levels and Related Global Greenhouse
Gas Emission Pathways, in the Context of Strengthening the Global Response to the
Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty.
World Meteorological Organization (WMO), Geneva, Switzerland.

IPCC (International Panel on Climate Change), 2019. Chapter 1: framing and context of
the report. IPCC Special Report on Ocean and Cryosphere in a Changing Climate
(SROCC). World Meteorological Organization (WMO), Geneva, Switzerland.

Jaakkola, J.J.K., Juntunen, S., Näkkäläjärvi, K., 2018. The holistic effects of climate change
on the culture, well-being, and health of the Saami, the only indigenous people in
the European Union. Current Environmental Health Reports https://doi.org/
10.1007/s40572-018-0211-2.

Kivinen, S., Rasmus, S., 2015. Observed cold season changes in a Fennoscandian fell area
over the past three decades. Ambio 44 (3), 214–225. https://doi.org/10.1007/
s13280-014-0541-8.

Kivinen, S., Kaarlejärvi, E., Jylhä, K., Räisänen, J., 2012. Spatiotemporal distribution of
threatened high-latitude snowbed and snow patch habitats in warming climate. En-
viron. Res. Lett. 7, 034024. https://doi.org/10.1088/1748-9326/7/3/034024.

Kivinen, S., Rasmus, S., Jylhä, K., Laapas, M., 2017. Long-term climate trends and extreme
events in Northern Fennoscandia (1914–2013). Climate 5 (1), 16. https://doi.org/
10.3390/cli5010016.

Koyama, T., Stroeve, J., Cassano, J., Crawford, A., 2017. Sea ice loss and Arctic cyclone activ-
ity from 1979 to 2014. J. Clim. 30. https://doi.org/10.1175/JCLI-D-16-0542.1. JCLI-D-
16-0542.1.

Kumpula, J., 2012. Ilmastonmuutos ja poronhoito. In: Ruuhela, R. (Ed.), Miten
väistämättömään ilmastonmuutokseen voidaan sopeutua? Yhteenveto
suomalaisesta sopeutumistutkimuksesta eri toimialoilla. 6. Maa- ja
metsätalousministeriön julkaisuja, p. 2011 (In Finnish).

Kumpula, J., Colpaert, A., 2003. Effects of weather and snow conditions on reproduction
and survival of semi-domesticated reindeer (R.t.tarandus). Polar Res. 22 (2), 225–233.

Kumpula, J., Parikka, P., Nieminen, M., 2000. Occurence of certain microfungi on reindeer
pastures in northern Finland during winter 1996–97. Rangifer 20 (1), 3–8.

Laaksonen, S., Kuusela, J., Nikander, S., Nylund, M., Oksanen, A., 2007. Outbreak of para-
sitic peritonitis in reindeer in Finland. Veterinary Records 16, 835–841.

Laaksonen, S., Pusenius, J., Kumpula, J., Venäläinen, A., Kortet, R., Oksanen, A., Hoberg, E.,
2010. Climate change promotes the emergence of serious disease outbreaks of
filarioid nematodes. Eco-Health 7 (1), 7–13.

Lépy, E., Pasanen, L., 2017. Observed regional climate variability during the last 50 years in
reindeer herding cooperatives of Finnish fell Lapland. Climate 5 (4), 81. https://doi.
org/10.3390/cli5040081.

Lorenz, R., Stalhandske, Z., Fischer, E.M., 2019. Detection of a climate change signal in ex-
treme heat, heat stress, and cold in Europe from observations. Geophys. Res. Lett. 46,
8363–8374. https://doi.org/10.1029/2019GL082062.

Luomaranta, A., Aalto, J., Jylhä, K., 2019. Snow cover trends in Finland over 1961–2014
based on gridded snow depth observations. Int. J. Climatol. https://doi.org/10.1002/
joc.6007.

MAF (Ministry of Agriculture and Forestry), 2005. Ilmastonmuutoksen kansallinen
sopeutumisstrategia. Maa-ja metsätalousministeriön julkaisuja 1/2005 (in Finnish).

MAF (Ministry of Agriculture and Forestry), 2009. Ilmastonmuutoksen kansallisen
sopeutumisstrategian toimeenpanon arviointi 2009. Maa- ja metsätalousministeriön
julkaisuja 4/2009 (in Finnish).

MAF (Ministry of Agriculture and Forestry), 2013. Ilmastonmuutoksen kansallisen
sopeutumisstrategian arviointi 2013. 5. Maa- ja metsätalousministeriön
työryhmämuistio, p. 2013 (in Finnish).

MAF (Ministry of Agriculture and Forestry), 2014. Kansallinen ilmastonmuutokseen
sopeutumissuunnitelma 2022. Maa-ja metsätalousministeriön julkaisuja 5/2014 (in
Finnish).

Maliniemi, T., Kapfer, J., Saccone, P., Skog, A., Virtanen, R., 2018. Long-term vegetation
changes of treeless heath communities in northern Fennoscandia: links to climate
change trends and reindeer grazing. J. Veg. Sci. 29, 469–479.

Mårell, A., Hofgaard, A., Danell, K., 2006. Nutrient dynamics of reindeer forage species
along snowmelt gradients at different ecological scales. Basic and Applied Ecology
7, 13–30.

Markkula, I., Turunen, M., Rasmus, S., 2019. A review of climate change impacts on the
ecosystem services in the Saami homeland in Finland. Sci. Total Environ. 692,
1070–1085. https://doi.org/10.1016/j.scitotenv.2019.07.272.
Marshall, G.J., Kivinen, S., Jylhä, K., Vignols, R.M., Rees, W.G., 2018. The accuracy of climate
variability and trends across Arctic Fennoscandia in four reanalyses. Int. J. Climatol.
38, 3878–3895. https://doi.org/10.1002/joc.5541.

Matheron, G., 1963. Principles of geostatistics. Econ. Geol. 58, 1246–1266.
Menzies, C.R., Butler, C., 2006. Introduction: understanding ecological knowledge. In:

Menzies, C.R. (Ed.), Traditional Ecological Knowledge and Natural Resource Manage-
ment. University of Nebraska Press, Lincoln.

Moen, J., 2008. Climate change: effects on the ecological basis for reindeer husbandry in
Sweden. Ambio 37 (4), 304–311.

Monastersky, R., 2009. The social pole? Nature 457, 1077–1078.
Oinonen, K., Kumpula, J., Shemeikka, P., Väänänen, M., Kontio, P., Siitari, J., Siitari, S., et al.,

2014. Tools for taking reindeer herding into account in land use planning – POROT
project. NJ. Report 10, 8.

Oksanen, L., Virtanen, R., 1995. Topographic, altitudinal and regional patterns in continen-
tal and suboceanic heath vegetation of northern Fennoscandia. Acta Bot. Fenn. 153,
1–80.

Overland, J., Francis, J., Hall, R., Hanna, E., Kim, S.-J., Vihma, T., 2015. Themelting Arctic and
Midlatitude weather patterns: are they connected? J. Clim. 28. https://doi.org/
10.1175/JCLI-D-14-00822.1.

Pääkkölä, E., Mäkelä, K., Saikkonen, A., Tynys, S., et al., 2018. Tunturit. In: Kontula, T.,
Raunio, A. (Eds.), Suomen luontotyyppien uhanalaisuus 2018. Luontotyyppien
punainen kirja. Osa 1 – tulokset ja arvioinnin perusteet (Threatened Habitat Types
in Finland 2018. Red Book of Habitats. Part 1 – Results and Basis of the Assessment).
Ympäristökeskus ja Ympäristöministeriö, Helsinki, Finland, pp. 255–313 (Suomen
ympäristö 5/2018 Osa 1).

Peltonen-Sainio, P., Venäläinen, A., Mäkelä, H.M., Pirinen, P., Laapas, M., Jauhiainen, L.,
Kaseva, J., et al., 2016a. Harmfulness of weather events and the adaptive capacity of
farmers at high latitudes of Europe. Clim. Res. 67, 221–240. https://doi.org/10.3354/
cr01378.

Peltonen-Sainio, P., Pirinen, P., Mäkelä, H., Hyvärinen, O., Huusela-Veistola, E., Ojanen, H.,
Venäläinen, A., 2016b. Spatial and temporal variation in weather events critical for
boreal agriculture: I elevated temperatures. Agric. Food Sci. 25 (1), 44–56. https://
doi.org/10.23986/afsci.51465.

Peltonen-Sainio, P., Pirinen, P., Mäkelä, H., Ojanen, H., Venäläinen, A., 2016c. Spatial and
temporal variation in weather events critical for boreal agriculture: II precipitation.
Agric. Food Sci. 25 (1), 57–70. https://doi.org/10.23986/afsci.51466.

Peltonen-Sainio, P., Sorvali, J., Müller, M., Huitu, O., Neuvonen, S., Nummelin, T.,
Rummukainen, A., et al., 2017. Sopeutumisen tila 2017: Ilmastokestävyyden
tarkastelut maa-ja metsätalousministeriön hallinnonalalla. Luonnonvara- ja
biotalouden tutkimus. 18, p. 2017 (in Finnish).

Pirinen, P., Simola, H., Aalto, J., Kaukoranta, J.-P., Karlsson, P., Ruuhela, R., 2012. Tilastoja
Suomen ilmastosta 1981–2010. Finnish Meteorological Institute Reports 2012:1. Finn-
ish Meteorological Institute, Helsinki (in Finnish).

Rasmus, S., Kumpula, J., Jylhä, K., 2014. Suomen poronhoitoalueen muuttuvat talviset
sääolosuhteet. Terra 126, 169–185 (in Finnish with English summary).

Rasmus, S., Kivinen, S., Bavay, M., Heiskanen, J., 2016. Local and regional variability in
snow conditions in northern Finland: a reindeer herding perspective. Ambio 45 (4),
398–414. https://doi.org/10.1007/s13280-015-0762-5.

Rasmus, S., Kivinen, S., Irannezhad, M., 2018. Basal ice formation in Northern Finland
snow covers during 1948–2016. Environ. Res. Lett. 13, 114009. https://doi.org/
10.1088/1748-9326/aae541.

RHA (Reindeer Herders'’ Association), 2014. Opas poronhoidon tarkastelemiseen
maankäyttöhankkeissa. Pohjolan Painotuote Oy, Rovaniemi (in Finnish).

RHA (Reindeer Herders'’ Association), 2018. Reindeer Statistics for Finland.
Riseth, J.Å., Tømmervik, H., Bjerke, J.W., 2016. 175 years of adaptation: North Scandina-

vian Sámi reindeer herding between government policies and winter climate vari-
ability (1835–2010). J. For. Econ. 24, 186–204. https://doi.org/10.1016/j.
jfe.2016.05.002.

Ruosteenoja, K., Räisänen, J., Venäläinen, A., Kämäräinen, M., 2015. Projections for the du-
ration and degree days of the thermal growing season in Europe derived from CMIP5
model output. Int. J. Climatol. https://doi.org/10.1002/joc.4535.

Ruosteenoja, K., Jylhä, K., Kämäräinen, M., 2016. Climate projections for Finland under the
RCP forcing scenarios. Geophysica 51, 17–50.

Ryd, Y., 2001. Snö – En renskötare Berättar. Ordfront, Stockholm.
Screen, J.A., 2014. Arctic amplification decreases temperature variance in northern mid-

to high-latitudes. Nat. Clim. Chang. 4, 577–582. https://doi.org/10.1038/
nclimate2268.

Sepp, M., Jaagus, J., 2011. Changes in the activity and tracks of Arctic cyclones. Clim.
Chang. 105, 577–595. https://doi.org/10.1007/s10584-010-9893-7.

Sillmann, J., Kharin, V.V., Zhang, X., Zwiers, F.W., Bronaugh, D., 2013. Climate extremes in-
dices in the CMIP5 multimodel ensemble: part 1. Model evaluation in the present cli-
mate. Journal of Geophysical Research: Atmosphere 118, 1716–1733. https://doi.org/
10.1002/jgrd.50203.

Soppela, P., 2009. The energetic aspects of migration in northern ungulates, the caribou
and reindeer (Rangifer tarandus). In: Morris, S., Vosloo, A. (Eds.), Molecules to Migra-
tion: The Pressures of Life. Medimond Publishing, Bologna, Italy.

Soppela, P., Turunen, M., 2017. Sopeutuuko porotalous kasautuvien muutosten
paineessa? In: Tennberg, M., Emelyanova, A., Eriksen, H., Haapala, J., Hannukkala, A.,
Jaakkola, J.J.K., Jouttijärvi, T., et al. (Eds.), The Barents Area Changes – How Will
Finland Adapt?. Publications of the Govenrment's analysis, assessment and research ac-
tivities 31/2017. Prime minister's office, Helsinki

Soppela, P., Nieminen, M., Timisjärvi, J., 1986. Thermoregulation in reindeer. Rangifer 1,
273–278.

Turunen, M., Vuojala-Magga, T., 2014. Past and present winter feeding of reindeer in
Finland: herders adaptive learning of the practices. Arctic 67 (2), 173–188. https://
doi.org/10.14430/arctic4385.

http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0115
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0115
https://doi.org/10.5735/086.045.0201
https://doi.org/10.5735/086.045.0201
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0125
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0125
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0130
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0130
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0135
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0135
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0135
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0140
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0145
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0145
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0150
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0150
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0155
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0160
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0160
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0160
https://doi.org/10.1007/s40572-018-0211-2
https://doi.org/10.1007/s40572-018-0211-2
https://doi.org/10.1007/s13280-014-0541-8
https://doi.org/10.1007/s13280-014-0541-8
https://doi.org/10.1088/1748-9326/7/3/034024
https://doi.org/10.3390/cli5010016
https://doi.org/10.3390/cli5010016
https://doi.org/10.1175/JCLI-D-16-0542.1. -0542.1
https://doi.org/10.1175/JCLI-D-16-0542.1. -0542.1
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0190
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0190
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0190
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0190
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0195
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0195
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0200
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0200
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0205
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0205
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0210
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0210
https://doi.org/10.3390/cli5040081
https://doi.org/10.3390/cli5040081
https://doi.org/10.1029/2019GL082062
https://doi.org/10.1002/joc.6007
https://doi.org/10.1002/joc.6007
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0230
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0230
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0235
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0235
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0235
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0240
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0240
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0240
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0245
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0245
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0245
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0250
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0250
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0250
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0255
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0255
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0255
https://doi.org/10.1016/j.scitotenv.2019.07.272
https://doi.org/10.1002/joc.5541
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0270
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0280
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0280
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0280
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0285
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0285
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0290
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0295
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0295
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0300
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0300
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0300
https://doi.org/10.1175/JCLI-D-14-00822.1
https://doi.org/10.1175/JCLI-D-14-00822.1
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0310
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0310
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0310
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0310
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0310
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0310
https://doi.org/10.3354/cr01378
https://doi.org/10.3354/cr01378
https://doi.org/10.23986/afsci.51465
https://doi.org/10.23986/afsci.51465
https://doi.org/10.23986/afsci.51466
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0330
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0330
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0330
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0335
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0335
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0335
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0340
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0340
https://doi.org/10.1007/s13280-015-0762-5
https://doi.org/10.1088/1748-9326/aae541
https://doi.org/10.1088/1748-9326/aae541
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0360
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0360
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0365
https://doi.org/10.1016/j.jfe.2016.05.002
https://doi.org/10.1016/j.jfe.2016.05.002
https://doi.org/10.1002/joc.4535
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0385
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0385
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0390
https://doi.org/10.1038/nclimate2268
https://doi.org/10.1038/nclimate2268
https://doi.org/10.1007/s10584-010-9893-7
https://doi.org/10.1002/jgrd.50203
https://doi.org/10.1002/jgrd.50203
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0410
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0410
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0410
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0415
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0415
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0415
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0415
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0415
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0420
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0420
https://doi.org/10.14430/arctic4385
https://doi.org/10.14430/arctic4385


16 S. Rasmus et al. / Science of the Total Environment 710 (2020) 136229
Turunen, M., Soppela, P., Kinnunen, P., Sutinen, M.-L., Martz, F., 2009. Does climate change
influence the availability and quality of reindeer forage plants? Polar Biol. 32,
813–832.

Turunen, M., Oksanen, P., Vuojala-Magga, T., Markkula, I., Sutinen, M.-L., Hyvönen, J.,
2013. Impacts of winter feeding of reindeer on vegetation and soil in the sub-
Arctic: insights from a feeding experiment. Polar Res. 32, 18610. https://doi.org/
10.3402/polar.v32i0.18610.

Turunen, M., Rasmus, S., Bavay, M., Ruosteenoja, K., Heiskanen, J., 2016. Coping with in-
creasingly difficult weather and snow conditions: reindeer herders' views on climate
change impacts and coping strategies. Clim. Risk Manag. 11, 15–36. https://doi.org/
10.1016/j.crm.2016.01.002.

Turunen, M.T., Rasmus, S., Järvenpää, J., Kivinen, S., 2019. Relations between forestry and
reindeer husbandry in northern Finland – perspectives of science and practice. For.
Ecol. Manag., 117677 https://doi.org/10.1016/j.foreco.2019.117677.

Tveraa, T., Stien, A., Bårdsen, B.-J., Fauchald, P., 2013. Population densities, vegetation
green-up, and plant productivity: impacts on reproductive success and juvenile
body mass in reindeer. PLoS One 8 (2), e56450. https://doi.org/10.1371/journal.
pone.0056450.

Tyler, N.J.C., Turi, J.M., Sundset, M.A., Bull, K.S., Sara, M.N., Reinert, E., Oskal, N., et al., 2007.
Saami reindeer pastoralism under climate change: applying a generalized framework
for vulnerability studies to a sub-arctic social-ecological system. Glob. Environ. Chang.
17, 191–206.

Vikhamar-Schuler, D., Hanssen-Bauer, I., Førland, E., 2010. Long-term Climate Trends of
Finnmarksvidda, Northern-Norway. Norwegian Meteorological Institute Reports 6.
Norwegian Meteorological Institute, Oslo.

Vikhamar-Schuler, D., Isaksen, K., Haugen, J.E., Tømmervik, H., Luks, B., Schuler, T.V.,
Bjerke, J.W., 2016. Changes in winter warming events in the Nordic Arctic Region.
J. Clim. 29, 6223–6244.

Virtanen, R., Luoto, M., Rämä, T., Mikkola, K., Hjort, J., Grytnes, J.-A., Birks, H.J.B., 2010. Re-
cent vegetation changes at the high-latitude tree line ecotone are controlled by geo-
morphological disturbance, productivity and diversity. Glob. Ecol. Biogeogr. 19,
810–821.

Virtanen, R., Oksanen, L., Oksanen, T., Cohen, J., Forbes, B.C., Johansen, B., Käyhkö, J., et al.,
2016. Where do the treeless tundra areas of northern highlands fit in the global
biome system: toward an ecologically natural subdivision of the tundra biome. Ecol-
ogy and Evolution https://doi.org/10.1002/ece3.1837.
Vuojala-Magga, T., Turunen, M., Ryyppö, T., Tennberg, M., 2011. Resonance strategies of
Sami reindeer herding during climatically extreme years in northernmost Finland
in 1970–2007. Arctic 64 (2), 227–241.

Wei, L., Qin, T., Li, C., 2017. Seasonal and inter-annual variations of Arctic cyclones and
their linkage with Arctic sea ice and atmospheric teleconnections. Acta Oceanol.
Sin. 36, 1. https://doi.org/10.1007/s13131-017-1117-9.

Weladji, R.B., Holand, Ø., Almøy, T., 2003. Use of climatic data to assess the effect of insect
harassment on the autumn weight of reindeer (Rangifer tarandus) calves. J. Zool. 260
(1), 79–85. https://doi.org/10.1017/S0952836903003510.

Zahn, M., Akperov, M., Rinke, A., Feser, F., Mokhov, I.I., 2018. Trends of cyclone character-
istics in the Arctic and their patterns from different re-analysis data. J. Geophys. Res.
123, 2737–2751. https://doi.org/10.1002/2017JD027439.

Zhang, X., Walsh, J.E., Zhang, J., Bhatt, U.S., Ikeda, M., 2004. Climatology and interannual
variability of arctic cyclone activity: 1948–2002. J. Clim. 17, 2300–2317. https://doi.
org/10.1175/1520-0442(2004) 017b2300:CAIVOAN2.0.CO;2.
Acts

Act on compensating the damages caused to reindeer herding, 655/2016. https://www.
finlex.fi/fi/laki/ajantasa/2016/20160655.

Act on compensating the damages caused to reindeer herding, 987/2011. https://www.
finlex.fi/fi/laki/alkup/2011/20110987.

Act on Metsähallitus, 234/2016. http://www.finlex.fi/fi/laki/alkup/2016/20160234.
Act on the Saami Parliament, 974/1995. http://www.finlex.fi/fi/laki/kaannokset/1995/

en19950974.pdf.
Mining Act. http://www.finlex.fi/fi/laki/kaannokset/2011/en20110621.pdf.
Reindeer Husbandry Act, 848/1990. http://www.finlex.fi/fi/laki/kaannokset/1990/

en19900848.pdf.

http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0430
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0430
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0430
https://doi.org/10.3402/polar.v32i0.18610
https://doi.org/10.3402/polar.v32i0.18610
https://doi.org/10.1016/j.crm.2016.01.002
https://doi.org/10.1016/j.crm.2016.01.002
https://doi.org/10.1016/j.foreco.2019.117677
https://doi.org/10.1371/journal.pone.0056450
https://doi.org/10.1371/journal.pone.0056450
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0460
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0460
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0460
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0465
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0465
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0465
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0470
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0470
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0475
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0475
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0475
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0475
https://doi.org/10.1002/ece3.1837
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0490
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0490
http://refhub.elsevier.com/S0048-9697(19)36225-4/rf0490
https://doi.org/10.1007/s13131-017-1117-9
https://doi.org/10.1017/S0952836903003510
https://doi.org/10.1002/2017JD027439
https://doi.org/10.1175/1520-0442(2004) 017&lt;2300:CAIVOA&gt/;2.0.CO;2
https://doi.org/10.1175/1520-0442(2004) 017&lt;2300:CAIVOA&gt/;2.0.CO;2
https://doi.org/10.1175/1520-0442(2004) 017&lt;2300:CAIVOA&gt/;2.0.CO;2
https://doi.org/10.1175/1520-0442(2004) 017&lt;2300:CAIVOA&gt/;2.0.CO;2
https://www.finlex.fi/fi/laki/ajantasa/2016/20160655
https://www.finlex.fi/fi/laki/ajantasa/2016/20160655
https://www.finlex.fi/fi/laki/alkup/2011/20110987
https://www.finlex.fi/fi/laki/alkup/2011/20110987
http://www.finlex.fi/fi/laki/alkup/2016/20160234
http://www.finlex.fi/fi/laki/kaannokset/1995/en19950974.pdf
http://www.finlex.fi/fi/laki/kaannokset/1995/en19950974.pdf
http://www.finlex.fi/fi/laki/kaannokset/2011/en20110621.pdf
http://www.finlex.fi/fi/laki/kaannokset/1990/en19900848.pdf
http://www.finlex.fi/fi/laki/kaannokset/1990/en19900848.pdf

	Climate change and reindeer management in Finland: Co-�analysis of practitioner knowledge and meteorological data for bette...
	1. Introduction
	2. Materials and methods
	2.1. Reindeer management area
	2.2. Survey on the practitioner knowledge possessed by reindeer herders
	2.3. Climate indices

	3. Results
	3.1. Summer – warmer or wetter?
	3.1.1. Herder experiences and meteorological observations of summer climate
	3.1.2. Effects of the changes in the summer climate on herding

	3.2. Longer and warmer autumn?
	3.2.1. Herder experiences and meteorological observations of autumn climate
	3.2.2. Effects of the changes in the autumn climate on herding

	3.3. Warmer and wetter winters?
	3.3.1. Herder experiences and meteorological observations of winter climate
	3.3.2. Effects of the changes in the winter climate on herding

	3.4. Earlier and warmer springs?
	3.4.1. Herder experiences and meteorological observations of spring climate
	3.4.2. Effects of the changes in the spring climate on herding

	3.5. Coping strategies of herders

	4. Discussion
	5. Conclusions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References
	Acts




