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Climate change and reindeer management in Finland: co-analysis of 1 

practitioner knowledge and meteorological data for better adaptation 2 

 3 

ABSTRACT 4 

 5 

We studied interannual variability and changes over time in selected climate indices in the 6 

reindeer management area (RMA) in northern Finland. We present together the knowledge 7 

possessed by reindeer herders with information from meteorological measurements over three 8 

decades. The practitioner knowledge was gathered via a survey questionnaire addressing herder 9 

observations of long-term changes (approximately during the past 30 years) in climatic 10 

conditions and their impacts on herding during the four seasons. A set of temperature-, 11 

precipitation- and snow-related indices relevant for herding within the RMA was derived from 12 

spatially interpolated daily meteorological data (1981-2010). Climatic changes detected based 13 

on the measurement data were mainly consistent with earlier studies, and practitioner 14 

knowledge was generally in line with the meteorological data. The herders had experienced the 15 

largest number of changes during the winter, and the smallest number of changes during the 16 

summer. The herders reported various impacts of changing seasonal weather on reindeer 17 

condition and behavior, and on herding practices. Adaptation to the changing conditions 18 

requires adoption of various coping strategies by the herders in their everyday work, continuous 19 

development of professional techniques and practices, as well as support received from the 20 

governance of reindeer management. We conclude that holistic understanding of the impacts 21 

of climate change and adaptation to changes in the future requires simultaneous analyses of 22 

data from different sources, more research co-defined with local practitioners, and co-planned 23 

governance solutions. The approach presented in this work can ease the dialogue between the 24 

local practitioners, researchers and policy makers.  25 
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 29 

1. Introduction 30 

 31 

Knowledge sets gained outside the scientific communities such as indigenous knowledge (IK), 32 

traditional ecological knowledge (TEK) or practitioner knowledge are often defined as 33 

contextual, local knowledge, typically passed on from one generation to the next, and often 34 

attributed to a particular ethnic group inhabiting a given area. This knowledge has been used as 35 

a basis for local level decision-making within a given livelihood and community (Agrawal, 36 

1995; Ingold and Kurttila, 2000; Menzies and Butler, 2006; Berkes, 2008; Buchanan et al., 37 

2016).  Its use for scientific purposes has been criticized for lack of systematic approach to data 38 

collection, uncertainties and potential bias within the dataset, missing common terminology, 39 

and for being incommensurate with the spatial and temporal scales of observational data 40 

(Couzin, 2007; Monastersky, 2009; Alexander et al., 2011; Huntington, 2011). Nevertheless, 41 

during the 21st century, the value of local knowledge is being increasingly acknowledged, 42 

particularly in the sparsely populated areas where observational data may be scarce or 43 

seasonally biased and the time-series length insufficient (Couzin, 2007; Alexander et al., 2011; 44 

Huntington, 2011; IPCC, 2019). 45 

 46 

Arctic and subarctic regions have shown significant warming trends during the recent decades 47 

(AMAP, 2017; Kivinen et al., 2017; IPCC, 2018; Marshall et al., 2018). Experiences of northern 48 

communities of changing climate have been collected in different parts of the circumpolar area 49 

(e.g. ACIA, 2004). Reindeer herders in northern Fennoscandia and Russia have extensive 50 
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knowledge on weather. Weather conditions can strongly affect reindeer pastures, reindeer 51 

condition, reproduction, and mortality, and increase the workload and costs of reindeer 52 

husbandry (Heggberget et al., 2002; Kumpula and Colpaert, 2003; Helle and Kojola, 2008; 53 

Kumpula, 2012; Turunen et al., 2016). Herders thus need to continually monitor the grazing 54 

conditions during different seasons (e.g. Helle, 1984; Ryd, 2001; Eira 2013).  55 

 56 

Climate change, manifesting itself as long-term warming and changes in precipitation and snow 57 

conditions, is expected to have both positive and negative impacts on herding (Moen, 2008; 58 

Turunen et al., 2016). For example, on one hand, warmer early winters with varying 59 

temperatures and events like rain-on-snow (ROS) or thaw-freeze may lead to more frequent 60 

icing of snow and basal ice, which can hinder reindeer access to ground lichens (Rasmus et al., 61 

2016; 2018; Eira et al., 2018). Warm autumns may also result in the growth of mycotoxin-62 

producing microfungi (molds) below the snow in reindeer pastures (Kumpula et al., 2000; 63 

Rasmus et al., 2018). On the other hand, warmer winter weather can help reindeer keep fit, and 64 

early snowmelt and increased availability of fresh forage in spring are favorable for lactating 65 

reindeer and the new-born calves (Kumpula and Colpaert, 2003; Mårell et al., 2006; Helle and 66 

Kojola, 2008; Turunen et al., 2009; Tveraa et al., 2013). Warmer summers with increased 67 

precipitation may lead to more severe insect harassment and more frequent parasite epidemics 68 

(Soppela et al., 1986; 2009; Laaksonen et al., 2007; 2010; Härkönen et al., 2010). Further, cold 69 

summers with heavy rains are considered harmful to young calves (Helle and Aspi, 1984; Helle 70 

and Kojola, 1994; Hagemoen and Reimers, 2002; Weladji et al. 2003; Turunen et al. 2016). 71 

 72 

Both indigenous Saami and non-Saami Finns practice reindeer husbandry in Finland, unlike in 73 

Sweden and Norway where it is mainly an exclusive right of the Saami (Helle and Jaakkola, 74 

2008; Soppela and Turunen, 2017). We consider the knowledge of herders as practitioner 75 
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knowledge (Ingold, 2000). Practitioner knowledge widens the scope of IK or TEK to 76 

acknowledge the non-ethnic nature of knowledge gained in certain livelihoods by spending time 77 

on the land, developing skills, and evolving knowledge through practice and experience. 78 

Practitioner knowledge on reindeer and the environment possessed by the herders is acquired 79 

since childhood and passed on from one generation to the next (Forbes, 2006; Forbes and 80 

Stammler, 2009; Vuojala-Magga et al., 2011). Reindeer herders traditionally have various 81 

coping strategies to deal with adverse weather and pasture conditions. These strategies are based 82 

on context-situated learning where new knowledge about new situations and new practices 83 

adopted is accumulated and exchanged within the herding community (Turunen and Vuojala-84 

Magga, 2014). Today, in the rapidly changing Arctic environments, unprecedented challenges 85 

related to adverse weather conditions may emerge, and no coping strategies operate for them 86 

exist thus far (Peltonen-Sainio et al., 2017; Eira et al., 2018).  87 

 88 

In previous studies, collection of reindeer herder knowledge has been rather localized in space 89 

and time (Helander, 2004; Vuojala-Magga et al., 2011; Turunen et al., 2016; Jaakkola et al., 90 

2018), systematic collection of herder knowledge for research purposes has been rare, and 91 

relating such local knowledge with scientific observations even rarer. We anticipate that 92 

relating practitioner knowledge of herders and meteorological measurements gives more in-93 

depth understanding of the environmental changes in northern regions, also of aspects like 94 

experiences, impacts and coping. In this article, we examine the changes in climate conditions 95 

in the reindeer management area (RMA) in northern Finland during the past 30 years using 96 

knowledge of reindeer herders together with information originating from meteorological 97 

measurements. Rather than compare, nor validate either of the knowledge sets in detail, we aim 98 

at presenting the knowledge sets together to bring out the most important outcomes of both. We 99 
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also review which coping strategies the herders use in their daily herding work and what kinds 100 

of governance level adaptation strategies exist. The objectives of this paper are to: 101 

1) Study reindeer herder observations of changes in seasonal weather characteristics and their 102 

consequent impact on herding in forest and fell regions during the past 30 years. 103 

2) Examine the inter-annual variability and changes over time of various climate indices 104 

relevant for herding, using high-resolution daily meteorological data covering approximately 105 

the same period;  106 

3) Give an overview of the strategies to cope with difficult weather conditions, both from the 107 

viewpoint of everyday herding work and regarding policies that govern the reindeer 108 

management in Finland; 109 

4) Discuss how these different knowledge sets can be used together, to create new 110 

understanding of the effects of climate change on the nature-based livelihoods, such as reindeer 111 

management, and to support decision-making on adaptation to climate change. 112 

 113 

2. Materials and methods 114 

 115 

2.1 Reindeer management area 116 

 117 

In the Finnish reindeer management area (RMA) covering 36% of the country (Figure 1, 118 

Supplementary text S1, Fig. S1 and Table S1), the semi-domesticated reindeer (Rangifer 119 

tarandus tarandus) has, in principle, a free grazing right. The RMA is divided into 54 herding 120 

districts, the organization and activities of which are guided by the Reindeer Husbandry Act 121 

(848/1990). The 21 northernmost districts belong to an area specially intended for reindeer 122 

http://www.finlex.fi/fi/laki/ajantasa/1990/19900848
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husbandry1, and 13 of these are located within the Saami Homeland area. The maximum 123 

allowed number of reindeer over one-year-old (the winter stock) is currently 203,700 within 124 

the whole RMA. About 100,000 calves are born in the spring, and 80,000 calves and 20,000 125 

over one-year-old reindeer are slaughtered in the autumn (RHA, 2018). 126 

 127 

We have divided the RMA into two major study areas, which differ from their environmental 128 

conditions, reindeer herding practices and culture: 1) forest reindeer husbandry region and 2) 129 

fell reindeer husbandry region (Figure 1, Table 1). Forest reindeer husbandry region is situated 130 

within the boreal forest zone and fell reindeer husbandry region within the mountain birch 131 

woodland zone. The border between the forest and fell reindeer husbandry regions generally 132 

follows the southern border of the Saami Homeland area as well as southern timberline of 133 

spruce (Franke et al., 2015). In the Saami Homeland, reindeer herds are generally larger and 134 

herding is more commonly the main source of livelihood, whereas in southern districts, herding 135 

is traditionally more often combined with other livelihoods, particularly forestry and tourism 136 

(Soppela and Turunen, 2017; Jaakkola et al., 2018). 137 

 138 

 

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). 
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 139 

Figure 1. The reindeer management area (RMA) of Finland. The thin black lines show borders 140 

of herding districts. Green and gray shading indicate fell and forest reindeer husbandry regions, 141 

respectively. The border between the regions generally follow the southern border of the Saami 142 

Homeland area in Finland (red line). 143 

 144 

2.2 Survey on the practitioner knowledge possessed by reindeer herders 145 

 146 

Practitioner knowledge of reindeer herders was gathered via a survey which was planned in 147 

collaboration with Metsähallitus, Reindeer Herders’ Association, Finnish Environment Institute 148 

(SYKE), the University of Lapland and the University of Jyväskylä (see also Markkula et al., 149 

2019). The survey was part of the assessment of threatened habitat types in Finland in 2018 150 

(Pääkkölä et al., 2018). It was conducted in the form of a questionnaire using the Webropol 151 
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survey tool.  The survey was open from 13 October 2016 to 28 February 2017 (Supplementary 152 

text S2). The survey was distributed systematically to all herding districts through the 153 

information services of the Reindeer Herders’ Association using its Internet page, Facebook 154 

page, electronic mailing list and the professional journal Poromies which, in theory, reaches 155 

every reindeer owner in Finland.  156 

 157 

The questionnaire comprised of 26 arguments that addressed changes in climate on a seasonal 158 

basis and their impacts on herding during the past 30 years (approximately from the 1980s to 159 

the 2010s). Young herders who participated in the survey were instructed to consider the 160 

changes they had experienced during their whole life. The arguments were formulated using 161 

existing knowledge on projected climate change in northern Finland (e.g. Ruosteenoja et al., 162 

2015; 2016) and knowledge of the impacts of weather conditions on reindeer well-being and 163 

herding (e.g. Vuojala-Magga et al., 2011; Turunen et al., 2016; Supplementary text S1). The 164 

arguments were formulated to express the changes generally associated with warming climate. 165 

Because of this, some framing effect cannot be ruled out.  166 

 167 

The respondents were asked to express their level of agreement/disagreement with the 168 

arguments on a five-point scale, coded as follows: 1) I have observed a change in this feature 169 

into the direction of the argument 2) I have observed some change in this feature into the 170 

direction of the argument 3) I have not observed any change in this feature 4) I have observed 171 

some change in this feature, but into the opposite direction 5) I have observed a change in this 172 

feature, but into the opposite direction. Respondents also had the possibility to describe the 173 

observed changes and their impacts on herding in more detail in a free-form text field in the 174 

questionnaire.  175 

 176 
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Table 1. Main characteristics of fell and forest reindeer husbandry regions. 177 

 178 
 Fell reindeer husbandry 

region 
Forest reindeer husbandry 
region 

Vegetation zone1 Mountain birch woodland, 
treeless heaths, boreal forest 
(Scots pine) 

Boreal forests (Scots pine, 
Norway spruce) 

Total area (km2)2 37 221 85 600 
Climate   
Mean annual temperature (˚C)3 -1.3 0.3 
Mean annual precipitation (mm)3 486 581 
Mean maximum snow depth (cm)3 86 85 
Reindeer management   
Number of reindeer2 82 745 115 576 
Number of reindeer owners2 1383 3047 
Reindeer/owner2 70.4 37.4 
Supplementary winter feeding4: 
-in enclosures (% of reindeer) 
-in the field or to support herding (%) 
-no supplementary winter feeding (%) 

 
8.5 
65.2 
26.4 

 
76.5 
17.4 
6.1 

Pasture rotation in use (% of districts)4 100 21 
1Oksanen and Virtanen, 1995; Virtanen et al., 2016; 2During a herding year 2016-2017; approximately one third 179 
of reindeer owners are women, and 10-15 % are under-aged (RHA, 2018), reindeer owners belonging to these 180 
groups are less involved in the daily practices of herding; 3During 1981-2010 (Pirinen et al., 2012); 4During 181 
2004-2015 (Rasmus et al., 2019) 182 
 183 

 184 

For this study we define a person as a herder if he/she owns reindeer, practices herding either 185 

full-time or part-time, and earns at least part of the income through practicing herding - and 186 

most importantly, defines himself/herself as a herder. It is estimated that there are 187 

approximately 2000 active reindeer herders in Finland (RHA 2018). A total of 90 reindeer 188 

herders from 42 herding districts responded to the survey. This gives us a response rate of 4.5 189 

percent. 190 

 191 

 Responses were received from nine out of 14 districts of the fell reindeer husbandry region 192 

(henceforth fell districts), and from 33 out of 40 districts of the forest reindeer husbandry region 193 

(henceforth forest districts). About 44% of respondents had herding as their full-time job and 194 

56% as a part-time job. The average age of respondents was 51 years. Based on the age 195 
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distribution of respondents, we estimate that at least 80% of the respondents have at least 30 196 

years of experience on practicing the livelihood. Respondents gave altogether 160 in-depth 197 

descriptions of the seasonal weather changes (41 for summer, 39 for autumn, 36 for winter and 198 

44 for spring) and 194 descriptions of consequent effects on herding (46 for summer, 47 for 199 

autumn, 50 for winter and 51 for spring).  200 

 201 

The reindeer herder responses were analyzed separately for the fell and forest districts in Fig. 202 

1. We classified the replies as agreements (values 1-2; change observed into the direction of the 203 

argument), neutrals (3; no change observed) and disagreements (values 4-5; change observed 204 

into opposite direction). The key findings of the study are presented in the form of maps, while 205 

more detailed results are shown as column charts in the Supplementary material (Figures S2 – 206 

S9).  207 

 208 

Adaptation actions performed in response to climate changes were not explicitly addressed by 209 

the survey, but, in their free-form comments, many respondents explained the coping strategies 210 

they had adopted in their everyday herding work (altogether 62 references). The free-form 211 

comments are presented in full in the Supplementary material (Tables S2-S9) and some excerpts 212 

of this material are presented in this article to illustrate the effects of the ongoing climate change 213 

on the nature-based livelihoods from a more holistic perspective. 214 

 215 

2.3 Climate indices 216 

 217 

Alongside analyses of the herder observations and perceptions, a suite of seasonal and annual 218 

climate indices were calculated on the basis of information from meteorological measurements 219 

during the period 1981-2010. A total of 14 temperature-, precipitation- and snow-related indices 220 
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relevant for reindeer herding were considered (Table 2). Three of the indices (ID, R1d, RR10) 221 

belong to the core set of extreme indices recommended by the Expert Team on Climate Change 222 

Detection and Indices (ETCCDI; e.g., Sillman et al., 2013). The snow-related indices were 223 

selected from a set of indices examined by Luomaranta et al. (2019). The indices for prolonged 224 

warm and wet periods (Warm1w and Wet2w) were originally defined by Peltonen-Sainio et al. 225 

(2016a) and used in studies on weather risks in agriculture (Peltonen-Sainio et al., 2016b; 226 

2016c).   227 

 228 

For calculating the indices, seasons were defined as JJA (summer), SON (autumn), DJF (winter) 229 

and MAM (spring). The number of rainfall days (Rain-d) was set equal to the number of wet 230 

days having daily minimum temperature equal to or above zero. When the number of rain-on-231 

snow days (ROS-d) were calculated, a condition of at least 1 cm snow depth was added to this 232 

definition. In northern Finland, the day is generally regarded as hot if the daily mean 233 

temperature is higher than 20˚C, and cold if it is lower than -25˚C. The number of hot days 234 

(Hot-d) and cold days (Cold-d) were defined accordingly (Table 2).  235 

 236 

The climate indices were derived from FMIClimGrid, a daily gridded climate dataset covering 237 

Finland with a spatial resolution of 10 km x 10 km (Aalto et al. 2016). The dataset consists of 238 

daily values of seven climate variables, of which five were used in the present study: minimum, 239 

maximum and mean temperature, precipitation and snow depth (Table 2). FMIClimGrid is 240 

based on weather observations at meteorological stations in Finland and the neighboring 241 

countries (i.e. Sweden, Norway, Russia and Estonia). A kriging interpolation method was used 242 

for the gridding procedure (Matheron, 1963; Goovaerts, 1999). The effects of the geographical 243 

location of the weather stations, topography and water bodies (sea and lake effects) were taken 244 

into account in the interpolation routine used by Aalto et al. (2016). The uncertainties in the 245 
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dataset were related to spatiotemporal inconsistencies in the station network, the incomplete 246 

sample of background data used as external predictors, inhomogeneity in the observation data, 247 

and the sensitivity of the interpolation model parameters. The dataset is fully documented in 248 

Aalto et al. (2016). 249 

 250 

The climate indices are presented in this paper as 1) time series showing annual values 251 

calculated separately for the fell and forest districts, 2) maps showing the mean values (in 252 

Supplementary material), and 3) maps showing the temporal trend values for selected indices 253 

at 10 km resolution within the RMA. The trends in indices were calculated using the non-254 

parametric Sen’s slope method. The statistical significance of the trends was calculated using 255 

the Mann-Kendall trend test. These methods are generally considered as robust and reliable, 256 

except that in the case of rare events, the trend may appear significant even though it is, in 257 

practice, nonexistent. We also calculated the standard deviations of yearly values of annual and 258 

seasonal climate indices and compared these to time-mean average changes per decade in the 259 

regions of RMA where the trends were statistically significant. The purpose of this comparison 260 

was to support our interpretations regarding the questionnaire survey results (for a human 261 

observer it may be difficult to separate the possible change in a variable from interannual 262 

variation, when the standard deviation is of the same magnitude or larger than the decadal 263 

trend). Some of the indices corresponded directly to the arguments presented in the 264 

questionnaire survey, whereas other indices were rather discrete or stand-alone ones. Some of 265 

the arguments of the survey were difficult to translate into climate indices (e.g. more frequent 266 

mold/ice layer formation). 267 

 268 

 269 
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Table 2. Climate indices calculated from the FMIClimGrid dataset for daily mean 270 

temperature (Tmean), daily maximum temperature (Tmax), daily minimum temperature 271 

(Tmin), daily precipitation sum (Prec) and snow depth (SN). The indices have been calculated 272 

for a 3-month season, unless marked with an asterisk (annual values used).  273 

 274 

Index Description Unit Season 
Temperature       
Hot-d     Days with Tmean > 20˚C Nr of days⃰ ANN 
DD Degree day sum for Tmean > 5˚C C days⃰ ANN 
Cold-d    Days with Tmean < -25˚C Nr of days* ANN 

ID Days when Tmax  0˚C Nr of days SON, DJF, 
MAM 

Zero Zero-crossing days: Tmin < 0˚C and Tmax > 0˚C Nr of days SON, DJF, 
MAM 

Warm1w Periods of seven consecutive days with Tmean ≥ Tsea1 
+3˚C, and in at least six of them Tmean ≥ Tave2 +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 Prec2w3 ≥ Pmon4 and at least seven days 
with Prec ≥ 0.5 mm and at maximum two consecutive 
days with Prec <0.5mm  

Nr of periods 
JJA 

ROS-d Days when Prec ≥ 1mm, 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 
1Tsea = climatological mean temperature of a season; 2Tave = mean temperature of a 30-day period (moving 275 
average); 3Prec2w = precipitation sum during a 2-week period; 4Pmon = climatological monthly mean 276 
precipitation sum 277 
 278 
 279 

 280 

 281 

 282 

 283 

 284 
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3. Results  285 

 286 

Mean climatic conditions vary considerably within the RMA (Figs. S10 – S13). Climate indices 287 

show also remarkable interannual variability, both in fell and forest districts (Figs. S14-S17). 288 

In this section, we present the changes in the seasonal weather as experienced by the herders, 289 

and as manifested through the climate indices calculated for the RMA for the period from 1981 290 

to 2010. We start from the summer season, following the seasonal cycle in reindeer life and 291 

herding (Table S1 and Figure S1). Also, the reindeer herder observations of the effects of these 292 

changes on herding practice are described. See Table 3 for the summary of the survey results 293 

and Supplementary material (Figures S2-S9; Tables S2 – S9) for further details not shown here.  294 

 295 

Table 3. A summary of the survey results. Agreements, i.e., changes observed into the direction 296 

of the argument (median values 1-2) are bolded. Percentages of responses with values 1-2 297 

(change observed into the direction of the argument), 3 (no change observed) and 4-5 (change 298 

observed into opposite direction) are also given. NA means missing answers; no answers were 299 

missing from the fell districts. The category including the majority of the responses is shaded.   300 

 301 
 Fell districts; n=18 Forest districts; n=72  
 Median 1-2 

(%)         
  3 
(%)         

4-5 
(%) 

Median 1-2 
(%)  

  3   
(%) 

4-5 
(%) 

NA 
(%) 

SUMMER          

Increased precipitation 1 78 22 0 2 78 21 0 1 

More frequent heavy 
rainfalls 

1 72 28 0 2 74 25 0 1 

More variable weather 2 72 28 0 2 83 17 0 0 

More frequent sleet or hail 
precipitation 

3 28 61 11 3 25 68 6 1 

Warmer summers 3 39 33 28 3 21 61 17 1 

More rare cold periods 3 22 56 22 3 22 58 17 3 

More frequent heat periods 3 22 56 22 3 17 57 25 1 
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More frequent droughts 3 28 61 11 3 17 57 26 0 

AUTUMN          

Delayed frost season 1.5 78 22 0 2 83 17 0 0 

Delayed soil frost 2 78 22 0 2 72 15 0 3 

Delayed snow cover 
formation 

1 72 22 6 2 82 14 4 0 

Less soil frost 2 67 33 0 2 76 22 0 1 

More frequent mold formation 
on the pastures 

3 44 56 0 2 68 29 0 3 

Increased precipitation 3 39 50 11 2 58 39 1 1 

WINTER          

Warmer winters 1.5 94 6 0 2 89 8 1 1 

Decreased number of frost 
days 

2 94 0 6 2 89 11 0 0 

More variable weather 2 67 33 0 2 90 10 0 0 

More snow-loads on trees 1 72 28 0 2 74 25 0 1 

More frequent rainfalls 2 67 33 0 2 79 18 1 1 

Increased windiness 2 56 44 0 2 78 22 0 0 

More frequent formation of 
icy layers in the snow cover 

2.5 50 50 0 2 85 14 1 0 

More frequent formation of 
basal ice in the snow cover 

2.5 50 44 6 2 75 25 0 0 

Deeper snow 3 44 44 11 3 29 56 15 0 

SPRING          

Earlier start of the growing 
season 

2 72 28 0 2 78 19 1 1 

Earlier snow melt and 
earlier snow-free patches 

2 72 17 11 2 75 24 1 0 

Earlier discontinuation of 
the frost season 

2 67 11 22 2 83 15 0 1 

 302 
 303 
 304 
 305 

 306 
 307 

 308 
 309 
 310 
 311 
 312 

 313 
 314 



16 

 

3.1. Summer – warmer or wetter? 315 

 316 

3.1.1. Herder experiences and meteorological observations of summer climate 317 

 318 

In the questionnaire survey, nearly 80% of the herders reported that summer precipitation has 319 

increased, and over 70% reported that heavy rains have become more common. Instead, the 320 

herders had not generally observed any particular changes in the summer temperatures, 321 

although some divergent views on warming and more frequent heat periods were expressed 322 

(Table 3, Table S2). Present-day summers were perceived as warmer than before in some 323 

districts in the southern and northwestern parts of the RMA (Fig. 2a). The majority of the 324 

herders reported having observed greater variability in summer weather. They noted that 325 

variation in the summer temperature and precipitation is large not only interannually but also 326 

within the season. The views of the herders of the fell and forest districts concerning the changes 327 

in summer weather were mostly similar to each other. 328 

 329 

Statistically significant increasing temporal trends in the annual number of hot days (Hot-d) 330 

were detected rather widely in the southern part of the RMA (Fig. 2b). In these regions, the 331 

increase was 1-1.5 days per decade and, on the other hand, the standard deviation of yearly 332 

values was 2-6 days. In only four districts located within these regions, a majority of 333 

respondents reported about warming summers (Fig. 2a). The annual degree day sum (DD) has 334 

significantly increased all around the RMA (Fig. 3b), most strongly in the southern and central 335 

RMA where the trend was 80-100 days per decade, the standard deviation being 110-130 days 336 

or locally more. This is not only related to warmer summers, but also to the lengthening of the 337 

growing season. 338 

 339 
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All precipitation indices had remarkable interannual and spatial variability (shaded areas in the 340 

Figure S14). The number of rain days (Rain-d) increased significantly (by 4-6 days per decade) 341 

in some rather localized areas only (Fig. 4). In these areas the standard deviation of Rain-d was 342 

3-5 days. Indices related to the heavy precipitation events also showed increasing trends in 343 

some northern locations: 3-6 mm per decade for the largest daily precipitation (R1d; Fig. 5a) 344 

and approximately 1 day per decade for the number of heavy precipitation days (RR10; Fig. 345 

5b). The corresponding standard deviations for R1d and RR10 were mainly 5-10 mm and 3-4 346 

days, respectively.  For R1d, decreasing trends occurred in the southern areas, locally -2- -4 347 

mm per decade, standard deviation being 5-10 mm and locally up to 15 mm.  348 

 349 

a)                                                                 b) 350 

 351 

Figure 2. a) Median values of answers by district to the argument “Summers are warmer than 352 

before” in the survey targeted to reindeer herders. Violet = no change observed (median 2.5 - 353 

3.5); red = change/some change observed into the direction of the argument (median < 2.5); 354 

blue = change observed into the opposite direction (median > 3.5); white = missing data. b) The 355 

change in the annual number of hot days (Hot-d) per decade within the RMA in 1981-2010. 356 
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Locations with significant trends (at 5% significance level) are marked with black check marks. 357 

The trend is zero in the white area. 358 

 359 
a) 360 

 361 
b) 362 

 363 

Figure 3. a) The annual degree day sum (DD) as a function of time in fell and forest districts 364 

during 1981-2010, indicating significant increasing trends. The dots depict spatial averages and 365 

the shaded areas show the ranges (the highest and lowest annual values) across the grid boxes 366 

of the regions. b) The change in DD within the RMA in 1981-2010. Locations with significant 367 

trends (at 5% significance level) are marked with black check marks. 368 

 369 
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 370 

Figure 4.The change in the number of rain days (Rain-d) in the summer season within the RMA 371 

in 1981-2010. Locations with significant trends (at 5% significance level) are marked with 372 

black check marks. The trend is zero in the white area. 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 
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a)                                                                             b) 387 

 388 

Figure 5. a) The change in the largest daily precipitation (R1d) and b) the number of heavy 389 

precipitation days (RR10) in the summer season within the RMA in 1981-2010. Locations with 390 

significant trends (at 5% significance level) are marked with black check marks. The trend is 391 

zero in the white area. 392 

 393 

3.1.2. Effects of the changes in the summer climate on herding 394 

 395 

According to the free-form comments of the herders of the fell districts (Table S6 in 396 

Supplementary material), a cold and rainy summer is worse for herding than a dry and warm 397 

one. Delayed and poor development of vegetation can have negative impacts on milk 398 

production of dams and growth of calves. A rainier but warmer and longer growing season may 399 

increase the growth of vegetation and availability of high-quality forage, e.g. mushrooms, for 400 

reindeer. On the other hand, rainy summers, wet ground and flooding rivers can make gathering 401 

and moving reindeer to the round-up sites with terrestrial vehicles more difficult. Interestingly, 402 

lack of insect harassment, which is dependent on temperature and precipitation, can hamper 403 



21 

 

reindeer moving to the round-up sites. Only 11 percent of the respondents had not observed any 404 

impacts of changes in the summer weather on herding so far.  405 

 406 

The herders of the forest districts reported that collecting and moving reindeer to the calf-407 

marking round-up sites has become more difficult, because due to, e.g., short heat periods and 408 

lack of insect harassment, reindeer do not gather into herds as early as they did before. Many 409 

herders also pointed out that lack of long dry periods in the summer has led to difficulties in 410 

producing hay for supplementary winter feed for reindeer, and that hay is of worse quality than 411 

earlier. Some herders had observed that reindeer in the forest districts are in any case doing 412 

better due to lack of long heat periods and weaker insect harassment: ”Cool summer has helped 413 

reindeer keep fit… The heat periods have been relatively short.” Some of the herders held the 414 

view that the changing summer weather is insignificant for reindeer herding. 415 

 416 

3.2. Longer and warmer autumn? 417 

 418 

3.2.1. Herder experiences and meteorological observations of autumn climate 419 

 420 

The herder views on delayed frost season in autumn and its consequent impacts on snow and 421 

ice phenomena are rather unanimous (Table 3, Table S3). Herders of the fell and forest districts 422 

had experienced a delayed onset of the frost period (subzero temperatures), later formation of 423 

the ground frost as well as ground frost being shallower than before, and later formation of the 424 

snow cover. Experiences of autumn precipitation changes differed regionally. About 58% of 425 

the herders of the forest districts and only 39% of herders of the fell districts had observed 426 

increased precipitation in autumn. As many as 68% of the herders of the forest districts had 427 
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observed increased formation of mold in the vegetation compared to 44% of the herders of the 428 

fell districts. 429 

 430 

Meteorological data for 1981-2010 showed a tendency towards later snow cover formation 431 

dates, but the trends in BEG were significant only in some northern parts of the RMA (Fig. 6), 432 

locally 4-7 days per decade. In the same areas the standard deviation was 5-15 days. The number 433 

of ice days (ID) declined in the whole RMA, but the trend was not significant during the study 434 

period. Further, the number of zero-crossing days (Zero) and the number of rain-on-snow days 435 

(ROS-d), the indices considered among the main drivers of formation of icy foraging 436 

conditions, did not change significantly during the study period. It is nevertheless clear that 437 

there was large annual variability in the values of these indices (Fig. S15), and their number 438 

alone could not describe the occurrence of conditions favoring ice formation on the ground and 439 

the severity of icing on reindeer pastures. 440 

 441 

 442 

 443 

 444 

 445 
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 446 

Figure 6. The change in the snow cover formation date (BEG) within the RMA in 1981-2010. 447 

Locations with significant trends (at 5% significance level) are marked with black check marks. 448 

The trend is zero in the white area.  449 

 450 
3.2.3. Effects of the changes in the autumn climate on herding 451 

 452 

According to the free-form comments of the herders of the fell districts (Table S7 in 453 

Supplementary material), reindeer, particularly calves, benefit from late formation of the snow 454 

cover through higher availability of forage. Herders of the fell districts also reported that 455 

variable and warm autumn weather may delay the timing and impair the intensity of the rut. 456 

Round-ups may be delayed even until January, and reindeer need to be collected and moved to 457 

the round-up sites by terrestrial vehicles instead of snowmobiles due to lack of snow or thin 458 

snow cover. Some herders of the fell districts pointed out that the need for supplementary winter 459 

feeding has increased due to an increased risk of poor digging conditions (risk of icing of the 460 

snow cover). 461 
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The herders of the forest districts reported that, due to warm autumn weather, reindeer stay 462 

longer in summer pastures. Foraging conditions in autumn have deteriorated because the frosts 463 

arrive later than before, soil does not freeze before the snow comes, mold may be formed on 464 

the vegetation and if it rains there is a risk of basal ice formation on the soil. Because of poor 465 

foraging conditions, reindeer may start roaming and the herds are dispersed, which may make 466 

the gathering of the herds difficult and delay the round-ups. Also, the rut can be weaker and 467 

delayed. Use of terrestrial vehicles (ATVs) has increased due to lack of frost periods and snow, 468 

and their period of usage has been extended. Lack of or a weak ice cover on the waterbodies 469 

and mires may increase the risk of reindeer drowning when they are moved to the round-up 470 

sites. Herders also reported that supplementary feeding needs to be started earlier in some 471 

regions than before. Reindeer tend to move to familiar feeding places and enclosures much 472 

earlier than 20-30 years ago. Furthermore, in particular the herders from the southernmost 473 

districts noted that warmer autumns have increased the occurrence of new parasites, such as the 474 

deer ked, (Lipoptena cervi), which worsens the condition of the reindeer. One herder pointed 475 

out that warm and moist autumn weather makes the reindeer more susceptible to diseases. 476 

 477 

3.3. Warmer and wetter winters? 478 

 479 

3.3.1. Herder experiences and meteorological observations of winter climate 480 

 481 

The respondents were rather unanimous in their views of most of the arguments about the 482 

changes in winter climate presented in the survey (Table 3; Table S4). The herders from both 483 

the fell and the forest districts reported that winters have become warmer and the number of 484 

subzero days has decreased. The majority of the herders also reported that rainfalls during the 485 

winter have become more frequent. The argument about increased snow depth yielded 486 
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somewhat divergent responses (Table 3). Many of the herders had not observed changes in 487 

snow depth during the study period. However, deeper snow covers had been recently 488 

experienced in the northern part of the RMA in particular (Fig. 10a). The herders also pointed 489 

out that accumulation of snow and hard rime loads on tree branches (“tykky”) has increased. 490 

The herders from the forest districts in particular reported that winters have become windier. 491 

They had also observed that winter weather has become more variable and that the formation 492 

of icy layers within the snow cover and basal ice have become more common (Table 3). 493 

 494 

According to the indices calculated from the meteorological data, winter warming was evident 495 

in the whole of the RMA. The number of warm weeks (Warm1w) has increased (Fig. 7) in large 496 

areas, most strongly in the southern and central parts of the RMA (about 1 week per decade). 497 

The standard deviation in these areas was 1.5-2.5 weeks. The number of cold days (Cold-d) has 498 

decreased in parts of the RMA 2-4 days per decade (Fig. 8), standard deviation in these parts 499 

being mainly 6-10 days. There were also local increases in the number of rain days (Rain-d); 500 

most notably in the southern part of the area (Fig. 9) where the trend was 1-2 days per decade 501 

and standard deviation was 1-2 days. Annual maximum snow depth (MaxSN) had a decreasing 502 

trend of 5-10 cm per decade, or locally more, in the northern part of the RMA (Fig. 10b). The 503 

standard deviation of MaxSN in these regions was 10-20 cm. The region where the herders 504 

reported deeper snow covers (Fig. 10a) partly coincides the area with weak increases detected 505 

in the MaxSN. The trend was, however, not statistically significant during the study period.  506 

 507 

 508 

 509 

 510 

 511 
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 512 
 513 

Figure 7. The change in the number of warm weeks (Warm1w) in the winter season within the 514 

RMA in 1981-2010. Locations with significant trends (at 5% significance level) are marked 515 

with black check marks. The trend is zero in the white area. 516 

 517 

 518 
 519 

 520 
 521 

 522 

 523 
 524 
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 525 
 526 

Figure 8. The change in the number of cold days (Cold-d) within the RMA in 1981-2010. 527 

Locations with significant trends (at 5% significance level) are marked with black check marks. 528 

The trend is zero in the white area. 529 

 530 

 531 

 532 

 533 

 534 

 535 
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 536 
 537 

Figure 9. The change in the number of rain days (Rain-d) in the winter season within the 538 

RMA in 1981-2010. Locations with significant trends (at 5% significance level) are marked 539 

with black check marks. The trend is zero in the white area. 540 

 541 
a)      b) 542 

 543 

Figure 10. a) Median values of answers by district to the argument “Snow cover is deeper than 544 

before” in the survey targeted to reindeer herders. Violet = no change observed (median 2.5 - 545 

3.5); red = change/some change observed into the direction of the argument (median < 2.5); 546 
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blue = change observed into the opposite direction (median > 3.5); white = missing data. b) The 547 

change in the annual maximum snow depth (MaxSN) within the RMA in 1981-2010. Locations 548 

with significant trends (at 5% significance level) are marked with black check marks. The trend 549 

is zero in the white area. 550 

 551 

3.3.2. Effects of the changes in the winter climate on herding 552 

 553 

There was a great local variation in the responses among the herders of the fell districts on how 554 

changing winter conditions affect herding (Table S8 in Supplementary material). Some herders 555 

reported that reindeer foraging conditions have been deteriorated due to deep snow and ice 556 

formation, whereas others had experienced an improvement in winter conditions through less 557 

snow. Also, in forest districts, both positive and negative impacts of changes in winter 558 

conditions were experienced. Thinner snow cover, milder weather and shorter periods of very 559 

low temperatures are favorable for reindeer, because reindeer stay more fit due to higher 560 

availability of forage and lower energy expenditure. Some herders reported that foraging 561 

conditions have been deteriorated due to hard snow and icy layers formed on the soil and snow 562 

cover resulting in declined availability of ground lichens for reindeer. Hard snow and rime 563 

accumulated on the branches of trees have also decreased the availability of arboreal lichens. 564 

As a consequence, reindeer herds can be dispersed and the animals move more than usual, 565 

which can present challenges to reindeer round-ups, leading to delays in them. Changing winter 566 

conditions have increased the need for taking reindeer into enclosures. Feeding reindeer in the 567 

enclosures have largely replaced feeding in the field, and supplementary feeding has to be 568 

started earlier than before. In some districts, the conditions were more favorable for the use of 569 

snowmobile over extended time periods.   570 

 571 
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3.4. Earlier and warmer springs? 572 

 573 

3.4.1. Herder experiences and meteorological observations of spring climate 574 

 575 

Most of the herders of both fell and forest districts reported that the frost period ends earlier in 576 

the spring, and some had experienced that the spring heat waves occur earlier than before (Table 577 

3, Table S5). The growing season was found to start earlier and the development of birch leaves 578 

was more advanced when compared to the earlier decades. There was some divergence in the 579 

views of the herders from the fell districts (Table 3). Some experienced that the duration of the 580 

frost period during the spring has become longer, whereas most of the herders had experienced 581 

earlier discontinuation of the frost period. Most of the herders had experienced ice- and 582 

snowmelt occurring earlier, but some stated that snowmelt now occurs later than before. Some 583 

herders pointed out that the season of hard night frosts (affecting the snow hardness during the 584 

spring) is shorter than before, being over already before March. Some herders also noted that, 585 

due to evaporation of snow, spring flooding is not as strong as before 586 

 587 

A decrease in the number of ice days (ID) in spring was found particularly in the northern part 588 

of the study area (Fig. 11), where it was locally 3-5 days per decade. The standard deviation of 589 

ID in these regions is 0.5-3 days. A trend towards an earlier snowmelt date (SOD), locally 3-5 590 

days per decade, was statistically significant only in the southern part of the RMA (Fig. 12). 591 

The standard deviation of SOD was 9-12 days in these areas. The number of zero-crossing days 592 

(Zero) related to the night frosts showed an increasing trend of 3-5 days per decade in the 593 

northern parts of the region (Fig. 13) (standard deviation 6-8 days). Slight, local increases in 594 

the number of rain days (Rain-d) were found within the RMA, most clearly in its southern parts 595 
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where the trend was 2-3 days per decade (map not shown). Standard deviation of Rain-d was 596 

3-5 days in these areas. Precipitation in spring was not explicitly addressed in our questionnaire. 597 

 598 

 599 

 600 

Figure 11. The change in the number of ice days (ID) in the spring season within the RMA in 601 

1981-2010. Locations with significant trends (at 5% significance level) are marked with black 602 

check marks. The trend is zero in the white area. 603 

 604 

 605 

 606 

 607 

 608 
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 609 

Figure 12. The change in snowmelt date (SOD) within the RMA in 1981-2010. Locations with 610 

significant trends (at 5% significance level) are marked with black check marks. The trend is 611 

zero in the white area.  612 

 613 

 614 

Figure 13. The change in the number of zero-crossing days (Zero) in the spring season within 615 

the RMA in 1981-2010. Locations with significant trends (at 5% significance level) are marked 616 

with black check marks. The trend is zero in the white area. 617 
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 618 

3.4.2. Effects of the changes in the spring climate on herding 619 

 620 

According to the free-form comments of the herders of the fell districts (Table S9 in 621 

Supplementary material), earlier arrival of spring has had a positive impact on reindeer herding. 622 

Snow-free patches on the fells were available for reindeer grazing earlier than before. Due to 623 

advanced development of vegetation and the consequent higher availability of fresh forage 624 

plants for milk-producing dams and their calves, the calves will be fit by the time the calf 625 

marking period starts in the summer. Spring can also be a difficult time for herding on the fells: 626 

Start of the growing season is uncertain, it can snow heavily at calving time, and riverine 627 

flooding can be strong, which exposes the calves to accidents. 628 

 629 

In the forest districts, as well, most of the herders reported that earlier spring can have positive 630 

impacts on herding. Due to earlier snowmelt, the risk of reindeer calving taking place in snowy 631 

conditions is nowadays smaller, and due to advanced emergence of spring vegetation, reindeer 632 

can feed on natural forage earlier than before. Early spring lowers the expenses of 633 

supplementary feeding. The winter feeding period is shorter because reindeer can be released 634 

from enclosures to the summer pastures much earlier than before. Some herders report that the 635 

interannual variation of spring conditions is great and that the arrival of spring has not advanced. 636 

A few herders reported that the earlier arrival of spring has not had any impact on reindeer 637 

herding. Some others list negative impacts related to early springs, such as strong flooding and 638 

increased predatory threat.  639 

 640 

 641 

 642 



34 

 

3.5 Coping strategies of herders  643 

 644 

Gathering and moving reindeer to the calf marking round-up sites has become more difficult in 645 

the summer, because reindeer do not necessarily gather into herds due to e.g. short warm periods 646 

and lack of insect harassment (Table S6). Therefore, many herders have given up the summer 647 

calf-marking period and, instead, mark calves only during the autumn-winter round-ups or 648 

already in the spring in the case of enclosure calving. Rescheduling the calf marking was also 649 

reported as a way to cope with long heat periods and severe insect harassment during summer 650 

(see also Turunen et al., 2016). In the autumn, weather-related factors, such as mold or ice on 651 

pastures may cause herds to be dispersed over a wide area, which delays round-ups (Table S7). 652 

Due to lack of snow or thin or non-uniform snow cover, reindeer are collected and moved to 653 

the round-up sites increasingly by terrestrial vehicles, particularly ATVs, or helicopters instead 654 

of snowmobiles. 655 

 656 

In winter, supplementary feeding plays an important role in adaptation of reindeer to the 657 

changing weather conditions (Table S8). The need for supplementary winter feeding of reindeer 658 

has increased, and in some regions, it needs to be started earlier than before. Many herders held 659 

the view that although supplementary winter feeding increases expenses, taking reindeer into 660 

enclosures is nowadays the only way to gain regular income from herding (see also Turunen et 661 

al., 2013; Turunen and Vuojala-Magga 2014; Turunen et al., 2016). The majority of the herders 662 

of the forest districts reported that changing winter conditions have increased the need for taking 663 

reindeer into enclosures, and that feeding reindeer in the enclosures has largely replaced feeding 664 

of reindeer in the field. The herders of fell districts reported several strategies for coping with 665 

deteriorated foraging conditions. These included moving herds to lower elevations of fells with 666 

less snow or to wind-exposed habitats where snow cover is thinner; adjusting the time the herds 667 
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(of a village or a siida) are kept together; moving the herds from one pasture to another with 668 

the aid of hay earlier in the spring; starting supplementary winter feeding; and monitoring ice 669 

formation in the snow cover more carefully. Some herders reported (Table S9) that 670 

supplementary feeding can be discontinued earlier in the spring because of early snowmelt, 671 

which reduces the expenses for feeding. Reindeer can also be released from enclosures to the 672 

summer pastures much earlier than before.  673 

 674 

4. Discussion 675 

 676 

Our findings of the trends in climate indices were mainly consistent with earlier studies in 677 

northern Fennoscandia. According to earlier studies, summers in northernmost Finland have 678 

become warmer in many locations, but the trends in the amount of summer precipitation are not 679 

clear (Virtanen et al., 2010; Lépy and Pasanen, 2017; Maliniemi et al., 2018). Warmer autumns 680 

have been reported in several earlier studies (Vuojala-Magga et al., 2011; Turunen et al., 2016; 681 

Kivinen et al., 2017; Lépy and Pasanen, 2017; Jaakkola et al., 2018) as well as shorter snow 682 

season with later formation of the snow cover (Rasmus et al., 2014; Luomaranta et al., 2019). 683 

Only local increases in autumn precipitation have been reported (Kivinen et al., 2017; Lépy and 684 

Pasanen, 2017). Our observations of increased winter temperatures are in accordance with 685 

earlier studies (Vikhamar-Schuler et al., 2010; Vuojala-Magga et al., 2011; Kivinen et al., 2012; 686 

Rasmus et al. 2014; Kivinen and Rasmus, 2015; Lépy and Pasanen, 2017). Winter precipitation 687 

has increased within the study region (Rasmus et al., 2014; Lépy and Pasanen, 2017). Increasing 688 

amount of mixed and liquid precipitation has also been reported (Luomaranta et al., 2019) 689 

together with more frequent and more intense rainy periods (Vikhamar-Schuler et al., 2016). 690 

Previous studies have not found any significant changes in thickness of the winter snow cover 691 

in the region (Rasmus et al., 2014; Lépy and Pasanen, 2017; Luomaranta et al., 2019). 692 
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Increasing spring temperatures have been observed in previous studies (e.g. Kivinen et al., 693 

2017; Lépy and Pasanen, 2017), as well as earlier snowmelt (Vikhamar-Schuler et al., 2010; 694 

Rasmus et al., 2014; Lépy and Pasanen, 2017) and thinner spring snow covers (Luomaranta et 695 

al., 2019).  696 

 697 

Reindeer herder observations of changes in seasonal weather characteristics, gathered via a 698 

survey questionnaire, were generally in line with the meteorological data. The observations of 699 

herders from the forest and the fell districts were mainly consistent with each other. Some 700 

regional differences were seen in the observations concerning the warming of summers, and 701 

changes in the autumn precipitation and snow depth. Local variation was seen in the responses 702 

among the herders when the arrival of spring was in question. The herders had experienced the 703 

largest number of changes during the winter, and the smallest number of changes during the 704 

summer. Furthermore, herders had experienced more variable weather, which has also been 705 

reported in earlier studies based on local knowledge (e.g. ACIA, 2004; Helander 2004; Vuojala-706 

Magga et al., 2011). Weather variability is a complex concept. Conclusions drawn in the 707 

scientific studies depend on the temporal scales and measures of variability used (Fischer and 708 

Knutti, 2014). If the variance of daily temperatures is considered as a measure of variability (or 709 

spread), it is evident that there is a general decreasing trend in variability in northern mid- and 710 

high latitudes, as cold days have warmed more than warm days (Screen, 2014; Lorenz et al., 711 

2019). Furthermore, in the mid-latitudes the warming may cause weather patterns to move more 712 

slowly, increasing weather persistence (Overland et al., 2015). The replies in our survey may 713 

be interpreted as a common perception of a decrease, rather than an increase, in weather 714 

persistence from one day to the next, meaning rapid, intermittent change in the daily weather. 715 

To the knowledge of the authors, weather persistence of sub-arctic Scandinavia has not been 716 

explicitly studied, but there are several recent studies on high latitude cyclone activity. Changes 717 
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in cyclone activity in the vicinity of our study area could lead to changes in weather persistence. 718 

Studies concentrating on Arctic cyclone activity during past decades observe no clear trends, 719 

or regional decreases or increases (Koyama et al., 2017; Wei et al., 2017; Zahn et al., 2018). 720 

According to Koyama et al. (2017), more intense cyclones have been experienced due to the 721 

increases in precipitable water in the atmosphere. Zhang et al. (2004) and Sepp and Jaagus 722 

(2011) also report on increase in the number and intensity of cyclones entering the Arctic from 723 

the mid-latitudes.   724 

 725 

There were some interesting discrepancies between herder observations and the meteorological 726 

data. For example, warming of summers was seen more in the analysis of climate indices, than 727 

in the answers of the survey respondents. The herders had generally experienced an increase in 728 

summer precipitation and reported that heavy precipitation has become more frequent, while 729 

meteorological data showed only local increases in the indices related to the heavy precipitation 730 

events. The human memory is believed to emphasize recent and rare conditions. Our survey 731 

opened in autumn 2016, just after the summer during which record-breaking precipitation sums 732 

had been observed in several locations around the northern Finland (FMI, 2017). Both summer 733 

of 2016 and also 2015 had been relatively cool and rainy; autumns, winters and springs of these 734 

recent years had, on the other hand, been warmer than average. The use of climate data from 735 

the period of 1981-2010 (current three-decade normal period in use, not extending to the most 736 

immediate past) has most probably contributed to these discrepancies. Furthermore, for a 737 

human observer it may be difficult to separate the possible change from interannual variation 738 

(Figs. S14-S17). Standard deviations of climate indices were generally of the same magnitude 739 

or larger than the changes per decade. The detected decadal change was stronger than the 740 

standard deviation only for the number of rain days (Rain-d) in the summer, locally, and the 741 

number of ice days (ID) in the spring. For example, the decrease in the ID per decade in 742 
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northwestern fell region was 3-5 days, standard deviation being 0.5-3 days. In this case, most 743 

of the herders from the fell districts had experienced discontinuation of the frost period in 744 

spring. Large interannual variability, together with a relatively short study period, may also 745 

mask trends possibly present in a longer time series.  746 

 747 

Experienced impacts on herding and adaptation needs were rather consistent between the forest 748 

and fell districts, but more numerous and varied in the forest districts compared to the fell 749 

region. Local variation was seen in the herder views concerning the impacts of changing winter 750 

climate on herding. Reindeer management adapts to changing climatic conditions through 751 

adoption of various coping strategies in the everyday work of herders. Professional techniques 752 

and practices are also continuously developed, e.g. regulating the reindeer numbers and herd 753 

structure, or utilizing pasture rotation systems. The coping capacity of herding is dependent on 754 

the geographical space available for adaptation actions and facilitated by variations in 755 

topography, vegetation and herding practices (Tyler et al., 2007; Moen, 2008; Riseth et al., 756 

2016; Turunen et al. 2016; 2019; Peltonen-Sainio et al., 2017). Large, diverse and peaceful 757 

pastures give herders more choice regarding the coping strategies available during various 758 

weather conditions. The fell and forest districts differ in terms of herding practices and 759 

pastureland types (Table 1) as well as are involved with different kinds of disturbance factors. 760 

Seasonal coping strategies of herders (Tables S6 – S9) mirror these differences.  761 

 762 

It is crucial that the coping strategies adopted in everyday herding work are supported by local, 763 

regional and national governance of reindeer management. When preparing adaptation 764 

strategies, governance level of reindeer management needs to understand the local impacts of 765 

seasonal changes, and to acknowledge that the coping strategies already in use are based on 766 

local practitioner knowledge – experiences and perceptions on what is normal and what can be 767 
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expected. In Finland, national adaptation to climate change is guided by The National Climate 768 

Change Adaptation Plan 2022 (MAF, 2014). A separate adaptation plan does not exist for 769 

reindeer husbandry, although need for this has been acknowledged (MAF, 2005; 2014). 770 

Reindeer management in Finland has recognized the need for adaptation measures, impacts of 771 

climate change are known qualitatively, and some adaptation measures have been identified 772 

and are being planned (MAF, 2009; 2013; Peltonen-Sainio et al., 2017). Measures mentioned 773 

to mitigate the adverse effects of climate change are maintaining the uniformity and diversity 774 

of the pasture areas, improving reindeer health, limiting the expansion of invasive alien species, 775 

environment protection, considering reindeer management in the legislation regulating land-776 

use planning, developing the financial instruments, and relevant research. Accordingly, 777 

adaptation to climate change requires consolidation of different land use needs and participatory 778 

planning approaches (Oinonen et al., 2014; RHA, 2014), consideration of sustainable 779 

development and socio-economic and cultural aspects in planning processes, and research and 780 

education on climate risks (Forbes, 2006; Hukkinen et al., 2006; Finland's Strategy for the 781 

Arctic Region, 2013; Soppela and Turunen, 2017). Furthermore, legislation has recently 782 

recognized the need of reindeer herding to cope with difficult weather events. Act on 783 

compensation of damages caused to reindeer herding (987/2011 and 655/2016) aims at 784 

supporting herders to cope with extensive and unexpected damages resulting from natural 785 

events like exceptional weather conditions. To our knowledge, at the time of writing this article, 786 

there have been no cases in which this legislation has been applied in practice. In the time of 787 

rapid change, it may be challenging to define what constitutes “normal”, “rare”, “exceptional” 788 

and “unexpected” weather conditions and set the corresponding compensation amounts. 789 

 790 

Both meteorological observations and practitioner knowledge are needed for understanding of 791 

the effects of climate change on reindeer management, and to support decision-making on 792 
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adaptation to climate change. To clarify the useful features of the knowledge sets, also critical 793 

evaluation is needed. Meteorological data are objective, systematical, and have full spatial 794 

coverage on the study area. However, fine-scale variability seen in the northern nature may 795 

cause errors and uncertainties into the interpolation of the climate data, even when a grid with 796 

high spatial scale is used. Also aspects like experiences, impacts on, and coping of local 797 

communities are missing. Herder experiences on seasonal weather are very much local in 798 

nature. On one hand this knowledge is unsystematic, spatially inconsistent and potentially 799 

biased (Couzin, 2007; Monastersky, 2009; Alexander et al., 2011; Huntington, 2011). There 800 

may, e.g., be seasonal bias causing the critical seasons to get disproportionate attention. On the 801 

other hand, herder observations provide valuable information on local conditions, the 802 

occurrence of extreme and harmful weather events and their consequences on the livelihood 803 

(see e.g. Rasmus et al. 2018). 804 

 805 

Climate indices provide a quantitative ground which serves as an easy starting point for 806 

discussions on climate change and the adaptation actions it calls for. We aimed at using indices 807 

with a temporal scale that is comparable to human experience and easy to relate to the daily 808 

work of herding. High spatial resolution of the meteorological data and its full spatial coverage 809 

on the study area also enable bringing changing seasonal weather to the scale of the herder 810 

experiences as they move around and work in the landscape. Time series data and spatial 811 

visualizations of observed changes enable discussions on topics such as the regional differences 812 

in extreme events and the reasons for adopting different coping strategies. It should be noted 813 

that some of the indices could be easily connected with practitioner knowledge, whereas some 814 

of the arguments used in the questionnaire were difficult to translate into indices which could 815 

be derived from the data set used (more frequent mold/ice layer formation). The data set itself 816 

had some inherent limitations as e.g. humidity and wind data were not available. 817 
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 818 

5. Conclusions 819 

 820 

Parallel examination of meteorological observations and practitioner knowledge can provide 821 

new insights into the temporal and spatial variability of the warming of the northern latitudes. 822 

In our work, relating the different knowledge sets enabled us not only to study the ongoing 823 

climate change in general, but also to examine its specific impacts on the northern environment 824 

with a particular focus on the nature-based livelihoods. We conclude that using different 825 

knowledge sets together will support decision making related to climate change adaptation. 826 

This view is shared also by IPCC (2019), who recently called for learning to relate different 827 

knowledge sets, as through this process new and relevant understanding for improved decisions 828 

and solutions can be created. 829 

 830 

It is expected that, in the future, research problems will be increasingly co-defined and 831 

governance solutions co-planned with local practitioners. In these processes, new tools to 832 

present data and discuss the implications of observed changes are needed. Important features 833 

of these new tools are defining quantities, indices and observations relevant for all involved in 834 

the process, consideration of temporal and spatial scales when presenting the data, and genuine 835 

data fusion, where both local practitioner knowledge and scientific knowledge are treated with 836 

appreciation, acknowledging the strengths and weaknesses of both forms of knowledge. The 837 

approach presented in this work can facilitate the dialogue between the local practitioners, 838 

researchers and policy makers. Our study focused on reindeer husbandry, but the approach is 839 

applicable to other nature-based livelihoods (e.g. hunting, gathering, fishing and small-scale 840 

farming and forestry) facing adaptation needs caused by changing climate. 841 

 842 
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