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• Bioeconomic model

• Calibrate with data on past

weather and slaughter

weights

– Empirical analysis

• Numerical simulation of

model with three climate

projection scenarios 

Overview

We aim to demonstrate the 

economic implications of 

different climate change 

scenarios for reindeer 

herders in a set of stylized 

areas.
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Bioeconomic model 

climate change → grazing conditions → weight 
→reproduction

→survival

Profits/utility

How does climate change affect reindeer herding?
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Weight function of adult reindeer

𝑤𝑖,𝑡 =
𝑤𝑖

1 + (𝑋𝑡/𝐾)
𝛽

𝑤𝑖,𝑡 =
ഥ𝑤𝑖

1+(𝑋𝑡/𝐾)𝛽
+ 𝜶𝟏,𝒊𝑪𝑺,𝒕 + 𝜶𝟐,𝒊 𝑪𝑾,𝒕−𝟏

𝑖 = 𝑓,𝑚.

0

5

10

15

20

25

30

35

40

45

50

0 20 40 60 80 100 120 140

w
e
ig

h
t 

in
 k

g
 (

p
e
r 

a
n
im

a
l)

Stock size, X

Weight function with and without climate effect

baseline

0

5

10

15

20

25

30

35

40

45

50

0 20 40 60 80 100 120 140

w
e
ig

h
t 

in
 k

g
 (

p
e
r 

a
n
im

a
l)

Stock size, X

Weight function with and without climate effect

baseline with climate



6

Data
Empirical analysis
- Norwegian district level data on 

slaughter weights, average for 
Sweden (1984 – 2020)

- Reanalysis data of historic weather 
(1984-2014) (CMIP6 multi model 
ensemble) 

Numerical illustration
- Future climate projection data for 

three scenarios (1.5°C target, 
intermediate, business-as-usual)

- Four simulation areas 



7

Data
Historic weather 

observations

- On average, onset of 

spring was May 10th

(130 days after Jan 

1st) (min 100, max 

205)

- There were, on 

average, 4.7 days 

with conditions for 

icing. (min 0, max 24)
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Empirical analysis 
- If spring starts one day earlier than average (May 10th ) 

slaughter weights of adult females increase by 28.7g (0.09 %)

- One more day with icing, than average, decreases slaughter 

weights by 67 g (0.22 %)

- There is a limit to how much reindeer can consume and grow

- An onset of spring earlier than average is related to slaughter 

weights that are 600 g higher than the mean, whereas a late 

onset of spring is related to a decrease in slaughter weights by 

800 g.

𝑤𝑖,𝑡 =
ഥ𝑤𝑖

1+(𝑋𝑡/𝐾)𝛽
+ 𝜶𝟏,𝒊𝑪𝑺,𝒕 + 𝜶𝟐,𝒊 𝑪𝑾,𝒕−𝟏
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Results
Scenario 2

- Greater variation makes 
the future more 
unpredictable → Shock 
slaughter weights

- Negative weather 
shocks → Negative 
shock to current value 
profits

- Ambiguous adjustment 
strategy

- Mid Norway vs. Mid 
Sweden
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Results
Weather 

projections - Little to no increase in 
icing in Mid Sweden in 
Scenario 2
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5%

Reduction in 

carrying 

capacity

Tømmervik et al. (2022) 
calculated the range area 
loss related to the 
windfarm in Storheia and 
Roan in Trøndelag. The 
direct loss amounted to 5 
%  and indirect loss up to 
25 %



13

Reduction in 

carrying 

capacity

% change in NPV

Scenario

Baseline 

carrying

capacity

5 % 

reduction in 

carrying

capacity

25 % 

reduction in 

carrying

capacity

North 

Norway

1 4.04 -0.82 -20.61

2 1,27 -3.44 -22.71

3 -3.77 -8.25 -26.49

Mid

Norway

1 3.59 -1.27 -20.96

2 -3.07 -7.58 -25.96

3 -10.27 -14.41 -31.37

North 

Sweden

1 3.31 -1.52 -21.18

2 0.57 -4.13 -23.23

3 -6.35 -10.65 -28.41

Mid

Sweden

1 4.09 -0.75 -20.59

2 4.46 -0.41 -20.29

3 -2.81 -7.32 -25.78
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Concluding remarks 
• Earlier spring and reduced icing can generate improvements in 

Scenario 1 and 2

• Except Mid Norway which will experience a greater increase 

in icing events

• All areas experience a net loss in Scenario 3

• Adjustment strategies are ambiguous, but generally weights 

decrease and it is optimal to harvest less as we move through the 

scenarios

• Policies that lead to land loss and may be required to reach 

Scenario 1 or 2 may be more detrimental than the climate impact. 
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Questions and discussion
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