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Why is the moose so important in Sweden?

• The moose is the king of the forest! 

• It is very tasty

• Hunting traditions

• But not everyone likes the moose



Sweden has a lot a forest -And moose who eat it

Moose population 

≈ 400000 (?)



Moose impact on forest stands

Young pine forest is 

browsed by moose

Illustration: Bo Persson

180 m3 per ha 60 m3 per ha

Effect of moose browsing on wood production





Moose impact on cars 



The problem of “sprucification”

A very high

moose population

Moose eat all 

trees except 

spruce

Spruce monocultures:

• No biodiversity

• No food for moose

Only spruce survive

+

Foresters plant only spruce



Conflicts between stakeholders



A complex multi-objective problem:

We need systems analysis!



Models and spatial scales

Spatial scale of moose population and 

hunting 

Common population in the whole MMA

Moose distributed spatially according to 

food availability

Moose management area (ca 1000 km2)

Grid cells with many forests stands (1 km2)

Spatial scale of forests and vegetation

Proportions of land types for each grid cell: 

1. forest according to tree species and age

2. other vegetation

3. no vegetation

One forest stand

Biomass, height, density, 

growth rate, damage, mortality 

stand 

id

area 

(ha) species

site 

index

biomass 

(kg/ha) density

height 

(m)

damage 

(%)

0 13 pine 4.2 4000 300 14 50

1 44 spruce 3.6 5650 230 17 1

2 16 spruce 3.1 10400 200 26.1 2

3 5 birch 5.4 300 3000 1.1 30

4 11 pine 4.2 5000 360 15 80

5 122 spruce 3.6 544 1800 3.2 5

6 38 spruce 3.1 8000 180 21.8 3

7 8 birch 5.4 210 2880 2.1 20



The Moose model

Browsing
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Browsing experiment with 4 treatments (with 3 replicates) observed over 28 years: 

• Tree mortality 

• Growth decline

• Recovery

Pettersson, F., R. Bergström, H. Jernelid, S. Lavsund, and L. Wilhelmsson. 2010. Älgbetning och tallens volymproduktion -
Resultat från en 28 årig studie i Furudal. Skogforsk, Gävle. 

1979 1982 1995

Experimental data for model calibration



Experimental data for model calibration



Purpose of the model: Multi criteria analysis

• Simulation of a wide range of alternative scenarios for moose hunting and forest management

• Analysis of the simulation results: what are the trade-offs and synergies between different goals? 
Healthy moose population - forest production - biodiversity - traffic accidents

• Can we find optimal solutions or at least acceptable compromises? 

Total moose population value
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Simulations of different scenarios for 

hunting and forest management

Kalen, C. 2018. Dynamic Modeling of Forestry and the Impact 

of Browsing. Manuscript.



Stakeholders:

Environmental Protection Agency 

National Forest Agency

Hunters 

Forest owners 

County boards

The wildlife and forestry management framework

System model

Management scenarios Results and evalutation

Next steps:

• Other deers, wolves and bears 

• Effects of climate change

• Applications to other regions 
and animals



Extra slides



Forest stand model

Biomass growth (dB/dt) = f(B, c, SI, species)

Mortality= f(dB/dt, c, species)

Biomass = B, 

Density relative to maximum density = c 

Site index = SI

For managed forests only!

Thinning



Effects of moose browsing:

Conclusions for modeling 

• Browsing cause mortality and reduce biomass (like thinning) but reduce 
volume growth much more than thinning

• Trees recover over time after they have been damaged, but the 
potential for recovery declines with the severity of damage

 

• The decline in volume growth is proportional to 

the % trees damaged (figure)

• Model: Each stand will have dynamic % damage 

variable that increase with browsing and recover 

with growth

• Next question: How do we model rate of new 

damages?



How much damage does a Moose do?

• Pine and broadleaved tree species get browsed up to a maximum height 
of ca 2.5 m 
Kalén, C., and J. Bergquist. 2004. Forage availability for moose of young silver birch and 

Scots pine. Forest Ecology and Management 187:149-158.

• The % damaged trees increases with the density of moose and declines 
with the density of trees, says: 
Bergqvist, G., R. Bergström, and L. Edenius. 2001. Patterns of Stem Damage by Moose 
(Alces alces) in Young Pinus sylvestris Stands in Sweden. Scandinavian Journal of Forest 
Research 16:363-370.

• The moose eats about 10 kg food per day, but it depends…
Hjeljord, O., Sundst, xf, F. l, and H. Haagenrud. 1982. The Nutritional Value of Browse to 
Moose. The Journal of Wildlife Management 46:333-343 

• We need more data to estimate these relationships!



What are the relationships?

• Fecundity increases with weight and with favorable environment (short winter) 
Sand, H. 1996. Life history patterns in female moose (Alces alces): the relationship between age, body 
size, fecundity and environmental conditions. Oecologia 106:212-220. 

• Growth increases with amount of food eaten 
Hjeljord, O., Sundst, xf, F. l, and H. Haagenrud. 1982. The Nutritional Value of Browse to Moose. The 
Journal of Wildlife Management 46:333-343 

• Mortality depends on age and weight – but how? 

• Again, what determines how much the moose eats?
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Moose population model
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A complex multi-objective problem:

We need systems analysis!




