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Reports from three projects

1. Wind power and reindeer husbandry
2. Reinfeed - feeding reindeer for future free-

range functionality
3. Reinforce - Production, land use and climate 

change



Wind power, reindeer and reindeer husbandry
Anna Skarin, Bernardo Brandão Niebuhr, Per Sandström, Sven Adler, Moudud Alam
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Samebyar and study areas 
involved in the projects

• Mittådalen sameby
• Tåssåsen sameby
• Malå sameby
• Vilhelmina Norra sameby

Gabrielsberget

Stor-Rotliden



Qualitative data

Quantitative dataGPS-data

Resource selection models 
at 2nd and 3rd order

Analysis of movement rate

Interpretation of results 
together with herders

How is reindeer affected?

Predicted probability of use 
and predicted movement rate

Skarin et al. 2021  -
Vindval report no. 7011 



Mittådalens sameby
• ”Vålarna” are very important during

severe winters
• Samebyn have stopped using the 

area
” Men det är ingen idé att lägga pengar 
och krut på att skicka upp dem hit, för du 
vet att dom far ner igen…. Nej en vecka 
kan man väl stå och hålla men sedan är 
de ju nere igen.” 

Lavbete i Glötesvålens vindkraftpark, Mittådalens sameby



Results
Winter
• Increased work load for 

reindeer herders
• Reindeer herders stopped 

using the area
• Increased movement rate with 

sound 
• Elevated and varied terrain 

important during severe winters

Calving period
• Avoidance of mires, clear cuts 

and forests effects up to 5km 
• Increased movement rate 

close to wind power
• Avoidance of mines, roads, 

power lines

Summer
• Use area close to development
• Increased movement rate with 

sound level
• Avoidance of mines, roads, 

power lines, houses

Autumn
• Decreased use of mires and 

forests
• No increase in movement rate
• Avoidance of mines, large 

roads

Winter

Spring/CalvingSummer

Autumn/ 
Slaughter



Winter 2014/2015 
in one winter siida in
Tåssåsens sameby



23/2: Vände 500 ren från 45an 

nedanför Rätan, drev dom upp 

mot vindparken.

29/11 ,11/1, 2/2: 
Flyttar hit m lastbil

26/12: Renar rör sig 

upp mot parken

31/12: Renar rör sig plötsligt mot E45
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19/1, 20/1, 28/2, 26/3: 
Renar påkörda

8/2: 
Renar 
påkörda

8/2, 17/4: Renar 
påkörda

31/3 Järvlya vid 
Mossbodarna

11/3, 19/3, 12/4: 
Renar påkörda

3/1: Lodjurs-
riven ren

Vargspår 
30/3

7/2: Mycket ren Nordväst 
Djuphorten, även ren 
sydväst Horten.

23/2: Vände 300 ren vid 

Lustbuvägen, fick ge upp när 

det blev mörkt.

25/2: Lodjurs-
riven ren

3/2, 11/2, 20/2 18/3, 6/4, 
14/4: Renar påkörda

29/3 Varg vid Balåsen. Har 
rivit flera renar och skadat 

en som går och blöder.

Winter 2014/2015 
in one winter siida in
Tåssåsens sameby



Reinfeed
- feeding reindeer for future free-range functionality
Are animals fed early in life able to cope with the natural conditions?
Do supplementary fed animals get trapped in a “feeding pitfall”?

Heidi Rautiainen PhD-project, SLU

Photo: CJ Utsi



Reinfeed-project and 
NKJ-network

• Experiment – how is the natural behaviour affected
https://youtu.be/_bajr9kyFJ8

• Interviews with reindeer herders on behavioural effects

• Workshop Arvidsjaur 8-9 juni - discussion on 
behavioural and environmental effects

https://youtu.be/_bajr9kyFJ8


Increased feeding of reindeer
Effect on reindeer behaviour?

Effect on the pastures?



Winter 1

Winter 2

• Two groups 
supplementary feed 
on pasture

• One group ”true” 
control no feeding

Feeding experiment to understand grazing behaviour
Sirges and Ståkke reindeer herding communities



Classification of fine-scale behaviour

Individual 2, Study area 2, Day 1
Behaviour: Browsing “High” Andel beteenden för en icke-utfodrad ren 

mellan jan-mars 2021 :



Large-scale habitat use using GPS-data

Control
Fed



Sirges Ståkke

Fed in 
enclosure

Mean weight kg +/- SE

Free ranging Free ranging

Mean weight kg +/- SE

Fed in 
enclosure

Reindeer condition



Pasture is the resource
“Har vi inget bete kommer vi aldrig att klara oss.” 



Roads
Rail roads
Power lines
Hiking trails
Hydro power
Mining
Wind power
Forestry
Predators



Reinforce
– understand consequence of other 
land use and climate change on 
reindeer production

• Ruvhten Sijte - individual marking and 
live weights (1989–ongoing)

• Slaughter records from Sami 
Parliament (1996–ongoing)

• Pairwise comparison between herding 
communities with similar grazing 
condition but different pressure from 
land use

Léonie Duris PhD-Project, SLU



Relate live weight and 
slaughter records to:
• Weather conditions in summer and 

winter
• Pasture quality (lichen cover and 

productivity in pasture - NDVI)
• Predation pressure
• Supplementary feeding
• Cumulative impact from other land 

use



Pasture quality changes in summer

IRG – Instantaneous Rate of Greenup
NDVI – Normalised Difference Vegetation Index

Aikens et al. 2017 Ecology Letters

mule deer from two winter ranges via helicopter netgun (Bar-
rett et al. 1982). We extracted one incisiform canine to esti-
mate age by cementum annuli (Bleich et al. 2003). Each
March, we recaptured individuals to quantify nutritional con-
dition (ingesta-free body fat), pregnancy, and foetal number
(Appendix S2). All animal capture and handling protocols
were approved by an independent Institutional Animal Care
and Use Committee at the University of Wyoming (Protocol
#20151204KM00135–01).

GPS telemetry data

We programmed GPS collars (Advanced Telemetry Systems
Inc, Isanti, MN, USA and Telonics Inc, Mesa, AZ, USA) to
collect fixes every 1–5 h. We quantified surfing during two time
periods: the period of migration (defined by the start and end of
spring migration using GPS data) and the period of spring
green-up (defined as the time when green-up was available
across the study area). We used Net Squared Displacement
(NSD) to delineate the start and end of spring migration for
each deer annually (Fig. S3; Appendix S3; Bunnefeld et al.
2011). To delineate the physical pathway that individuals used
during migration, hereafter the migratory route, we first inter-
polated points between fixes, using a correlated random walk
model (Johnson et al. 2008). We then applied the Visvalingam
line simplification algorithm (Harrower & Bloch 2006) to the
interpolated paths, which removed tortuosity (Appendix S4).
We simplified the interpolated path so that areas heavily used
by deer (i.e. stopovers) were not oversampled in our calculation
of the greenscape, because the greenscape is intended to quan-
tify patterns of plant phenology irrespective of the movement of
individuals. We used the simplified paths representing migra-
tory routes solely to calculate the greenscape, whereas we calcu-
lated green-wave surfing scores using GPS locations from deer.

Metrics of green-wave surfing

We indexed vegetation quality across space and time by esti-
mating the Instantaneous Rate of Green-up (IRG), a metric
derived from a time series of the Normalised Difference Vegeta-
tion Index (NDVI; MOD09Q1; 250-m spatial resolution, 8-day
temporal resolution; Appendix S5). The NDVI was correlated
with vegetation biomass in a similar study area (Garroutte et al.
2016). To calculate IRG, we pre-processed NDVI data and fit
double-logistic curves to time series following Bischof et al.
(2012) and Merkle et al. (2016; Fig. 1a; Appendix S5). The
IRG is the first derivative of the fitted NDVI curve, which
results in a curve that peaks when vegetation growth is most
rapid (i.e. intermediate biomass), hereafter peak green-up
(Fig. 1a). We defined the period of spring green-up as the date
range when IRG peaked across our study area. We defined our
study area as the 95% minimum convex polygon of all GPS
locations of deer, and defined the start and end of spring green-
up as the 0.02 and 0.98 quantiles of peak IRG dates within the
study area (Appendix S6).
To evaluate variation in green-wave surfing among individu-

als, we used two metrics of surfing: (1) the IRG experienced
during spring green-up (Bischof et al. 2012); and (2) the days-
from-peak IRG, hereafter Days-From-Peak, which was calcu-
lated as the absolute difference (in days) between the date a

deer used a given location and date of peak IRG at that same
location. We calculated both metrics for each GPS location,
and then averaged by day to reduce potential bias from incon-
sistent fix rates and, thus, unbalanced sample size. We calcu-
lated surfing scores, using both IRG and Days-From-Peak,
for each animal (n = 99) during spring green-up in 2013, 2014
and 2015 (total deer-years = 191).
Although large values of IRG and small values of Days-

From-Peak indicate that an animal matches its movements
with peaks in IRG, there is an important but subtle difference
between the two metrics. The IRG is comprised of two
parameters, one that describes when peak green-up is reached,
and another that controls the speed at which that peak is
reached (the spring scale which corresponds to the reciprocal
of the green-up rate; Bischof et al. 2012). Two locations on
the landscape can have the same date of peak green-up, but
different rates at which green-up occurred, which influences
the shape of the IRG curve. If a deer visited these two loca-
tions 5 days before peak green-up, it would receive different
IRG scores solely because of different rates of green-up
(Fig. 1b–c). Therefore, we view IRG as a metric that reflects
both animal behaviour and the environment, whereas Days-

Figure 1 Hypothetical illustration of annual change in forage biomass
(grey dashed line) estimated by a double-logistic curve fit to a scaled time
series of NDVI data, and forage quality (solid black line) represented as
the Instantaneous Rate of Green-up (IRG) or first derivative of the
NDVI curve for one patch along a migratory route (a). We quantified
green-wave surfing using mean IRG and Days-From-Peak (DFP) IRG,
which measures the absolute difference in days between deer use of a
patch and the date of peak IRG. An IRG value of 1 or a DFP value of 0
represents perfect tracking of green-up. Because IRG is a measure of both
environment and behaviour, equivalent tracking (e.g. DFP = 5) can
dramatically reduce IRG when green-up occurs rapidly (b) compared to
patches with more gradual green-up (c).

© 2017 John Wiley & Sons Ltd/CNRS

Letter Surfing green waves of forage 743

• Timing for start of growing season 
(early or late)
– Exempelvis spring 2020 & 2021

• Length of growing season (shorter 
or longer)

• Dryer



IRG – Instantaneous Rate of Greenup
NDVI – Normalised Difference Vegetation Index

Aikens et al. 2017 Ecology Letters

mule deer from two winter ranges via helicopter netgun (Bar-
rett et al. 1982). We extracted one incisiform canine to esti-
mate age by cementum annuli (Bleich et al. 2003). Each
March, we recaptured individuals to quantify nutritional con-
dition (ingesta-free body fat), pregnancy, and foetal number
(Appendix S2). All animal capture and handling protocols
were approved by an independent Institutional Animal Care
and Use Committee at the University of Wyoming (Protocol
#20151204KM00135–01).

GPS telemetry data

We programmed GPS collars (Advanced Telemetry Systems
Inc, Isanti, MN, USA and Telonics Inc, Mesa, AZ, USA) to
collect fixes every 1–5 h. We quantified surfing during two time
periods: the period of migration (defined by the start and end of
spring migration using GPS data) and the period of spring
green-up (defined as the time when green-up was available
across the study area). We used Net Squared Displacement
(NSD) to delineate the start and end of spring migration for
each deer annually (Fig. S3; Appendix S3; Bunnefeld et al.
2011). To delineate the physical pathway that individuals used
during migration, hereafter the migratory route, we first inter-
polated points between fixes, using a correlated random walk
model (Johnson et al. 2008). We then applied the Visvalingam
line simplification algorithm (Harrower & Bloch 2006) to the
interpolated paths, which removed tortuosity (Appendix S4).
We simplified the interpolated path so that areas heavily used
by deer (i.e. stopovers) were not oversampled in our calculation
of the greenscape, because the greenscape is intended to quan-
tify patterns of plant phenology irrespective of the movement of
individuals. We used the simplified paths representing migra-
tory routes solely to calculate the greenscape, whereas we calcu-
lated green-wave surfing scores using GPS locations from deer.

Metrics of green-wave surfing

We indexed vegetation quality across space and time by esti-
mating the Instantaneous Rate of Green-up (IRG), a metric
derived from a time series of the Normalised Difference Vegeta-
tion Index (NDVI; MOD09Q1; 250-m spatial resolution, 8-day
temporal resolution; Appendix S5). The NDVI was correlated
with vegetation biomass in a similar study area (Garroutte et al.
2016). To calculate IRG, we pre-processed NDVI data and fit
double-logistic curves to time series following Bischof et al.
(2012) and Merkle et al. (2016; Fig. 1a; Appendix S5). The
IRG is the first derivative of the fitted NDVI curve, which
results in a curve that peaks when vegetation growth is most
rapid (i.e. intermediate biomass), hereafter peak green-up
(Fig. 1a). We defined the period of spring green-up as the date
range when IRG peaked across our study area. We defined our
study area as the 95% minimum convex polygon of all GPS
locations of deer, and defined the start and end of spring green-
up as the 0.02 and 0.98 quantiles of peak IRG dates within the
study area (Appendix S6).
To evaluate variation in green-wave surfing among individu-

als, we used two metrics of surfing: (1) the IRG experienced
during spring green-up (Bischof et al. 2012); and (2) the days-
from-peak IRG, hereafter Days-From-Peak, which was calcu-
lated as the absolute difference (in days) between the date a

deer used a given location and date of peak IRG at that same
location. We calculated both metrics for each GPS location,
and then averaged by day to reduce potential bias from incon-
sistent fix rates and, thus, unbalanced sample size. We calcu-
lated surfing scores, using both IRG and Days-From-Peak,
for each animal (n = 99) during spring green-up in 2013, 2014
and 2015 (total deer-years = 191).
Although large values of IRG and small values of Days-

From-Peak indicate that an animal matches its movements
with peaks in IRG, there is an important but subtle difference
between the two metrics. The IRG is comprised of two
parameters, one that describes when peak green-up is reached,
and another that controls the speed at which that peak is
reached (the spring scale which corresponds to the reciprocal
of the green-up rate; Bischof et al. 2012). Two locations on
the landscape can have the same date of peak green-up, but
different rates at which green-up occurred, which influences
the shape of the IRG curve. If a deer visited these two loca-
tions 5 days before peak green-up, it would receive different
IRG scores solely because of different rates of green-up
(Fig. 1b–c). Therefore, we view IRG as a metric that reflects
both animal behaviour and the environment, whereas Days-

Figure 1 Hypothetical illustration of annual change in forage biomass
(grey dashed line) estimated by a double-logistic curve fit to a scaled time
series of NDVI data, and forage quality (solid black line) represented as
the Instantaneous Rate of Green-up (IRG) or first derivative of the
NDVI curve for one patch along a migratory route (a). We quantified
green-wave surfing using mean IRG and Days-From-Peak (DFP) IRG,
which measures the absolute difference in days between deer use of a
patch and the date of peak IRG. An IRG value of 1 or a DFP value of 0
represents perfect tracking of green-up. Because IRG is a measure of both
environment and behaviour, equivalent tracking (e.g. DFP = 5) can
dramatically reduce IRG when green-up occurs rapidly (b) compared to
patches with more gradual green-up (c).
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• Tidpunkt för start av 
vegetationsperioden (tidigare eller 
senare)
– Exempelvis våren 2020 och 2021

• Längd på vegetationsperioden 
(kortare eller längre)

• Torka



Foto: Carl-Johan Utsi

Thanks for listening!
anna.skarin@slu.se


