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1. Introduction

• During the last few decades, the number of large carnivores has 
increased significantly in Scandinavia (Norway, Sweden).

• The result; more livestock predation (sheep, reindeer), more 
predation of huntable species (moose, roedeer) 

• Conflicts!  Also seen as a conflict between centre and pheriphery
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• In this paper: The conflict between moose hunting and conservation of wolves. Moose is 
the preferred food of the wolves, and prey substantially upon moose.

• The moose hunting value belongs to the landowners 

• The wolf has intrinsic/existence value

• Analysing: 
• The economic loss (or possible gain!) for the landowners due to predation
• Compensation for the predation loss by the government
• Social surplus social planner vs. private management
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• Landowner management:
• Values included: hunting value and forest browsing damage
• Two different management schemes:

• Profit maximizing
• Routinized behaviour

• Compensation of the landowners for the predation. Here ex post, no ex 
ante

• Crucial; how does compensation influence landowner management. For sure; 
different profit maximizing and routinized behaviour

• Overall management vs. landowner management 
• The moose population causes considerable traffic damages. Negative externality of 

the landowners (but subject to discussion…)
• Value components included; hunting value, browsing damage (both belongs to the 

landowners), and traffic damage costs
• The wolf population also valuable. But stock size political determined and  controlled 

(exogeneous)
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• Presentation

• Ecological and economic background

• The landowner management problem in presence of wolf predation. Consider 
a single landowner (or a group of landowners acting as a single agent)

• The profit maximizing landowner; optimizing harvest 

• Routinized behaviour; here fixed harvesting fraction (but for sure other alternatives)

• Effect of ex post compensation

• Social planner solution

• Social surplus planner model

• Social surplus private management
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2. Ecological background

• Large carnivore species in Scandinavia include:
• The grey wolf (canis lupus)

• The brown bear (ursus arctos)

• The lynx (lynx lynx)

• The wolverine (gulo gulo)

• By the mid 1960s, the grey wolf was considered as functionally extinct.

• In the latter part of the 1970s the first confirmed reproduction in 15 years 
was recorded in Northern Sweden. 

• The wolf population in Scandinavia now equals some 450 individuals  
which live in small family groups in the western-central part of Sweden and 
along the border area between Sweden and Norway
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Wolf population Norway
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• The moose population has also grown considerable in Scandinavia 
during the last decades (until 2010)

• Reasons: highly selective harvesting scheme, and good growth 
conditions associated with changing forestry practices

• In Norway from 15 000 individuals in the beginning of the 1970’s to about 

125 000 today. Yearly hunting from about 6 000 to 35 000-40 000

• In Sweden the yearly hunting about 100 000
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• The moose – wolf ecology has been subject to several intensive 
studies

• Moose is the preferable food of the wolves (95 % of the biomass 
killed)

• It is generally accepted that the predation increases in the moose 
stock at low densities, but more unclear what happens at medium 
and high densities

• Feed back??? Neglected here as the wolf population is controlled by 
the wildlife authorities. Possible numerical response to variations in 
the moose population is thus not included and wolf population 
exogeneous

• Moose growth equation: / ( ) ( , ) ( )dX dt F X G W X h Q X= − − −
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3. The moose benefit and cost to the 

landowners

• According to Scandinavian wildlife laws, landowners are entitled the 
hunting value of the moose. 3-400 millions NOK yearly in Norway. 
About two times more in Sweden 

• But when practicing forestry, the landowners bear the cost of 
browsing damage. Basically taking place during the winter when 
young pine trees are the main food source. Depends on snow 
conditions and density:

• Profit: ( )ph D Xπ = −
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4. The profit maximizing landowner

• Maximizing 

s.t. ecological growth equation

• Steady state condition (and consider only equilibrium):

• Result 1: Under profit maximization a higher wolf population reduces the 
landowner profit. As both harvest income and browsing damage decrease, 
the reduced harvesting income dominates the reduced browsing damage.
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5. Routinized landowner behaviour

• Do the landowners consider moose as capital? Are they ‘rational’ in 
the traditional neoclassical sense? 

• …..or do they manage after some simple, routinized rules? Anecdotic 
evidence for this… 

• Look at this possibility now, assuming that the landowner aims to 
harvest a fixed fraction of the moose population every year:

•

• The moose growth equation then: 

• Steady state profit:

h Xγ=

/ ( ) ( , ) ( ) 0dX dt F X G W X X Q Xγ= − − − =

** ** **( )p X D Xπ γ= −
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• Result 2: With routinized management and proportional harvesting, a 

higher wolf predation pressure may either increase or reduce the 

landowner profit.

• Increased profit demands a strictly convex damage function

X
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6. Compensation of the landowner

• Not actually implemented (in contrast to sheep farming). But strongly 
demanded by various interest and pressure groups (the hunting 
associations, landowner associations…)

• The claim is ex post compensation; that is, compensation paid to 
landowner for the actual moose killings of the wolf. 

• Landowner profit:                                            ,

• Analysing profit maximizing and routinized behaviour

( ) ( , )ph D X zG W Xπ = − + z p≤
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• Optimality condition profit maximizing:

• Result 3: With profit maximization, ex-post compensation motivates 

the landowner to increase the size of the moose stock and predation 

increases. The harvest effect is indeterminate. The stock and 

predation loss increase with the amount of compensation.

• Result 4: When the harvest is steered by profit maximization and the 
landowner obtains full compensation, the size of the moose stock and 

profit will be just as without predation.
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• Under routinized behavior, compensation works simply as a lump-sum 
transfer and hence has no effect on the harvest activity of the landowner. 

• Effect of higher predation pressure:

• Result 5: Under routinized harvesting and with full compensation, a higher 
wolf population and more predation may improve the economic conditions 
for the landowner when the ratio of marginal browsing damage to 
harvesting value is large enough 
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7. Social planner solution

• Including traffic damage costs, external for the landowner. Substantial cost. 
In some areas these costs exceeds the moose meat value. Depends on 
several factors; traffic intensity, vegetation and snow conditions, size of the 
moose stock. Here:

• Social surplus:

• When maximizing social surplus we find:

• Result 6: The golden rule social planner solution yields a lower moose 
population compared to the profit maximizing landowner golden rule 
solution. The size of the harvest is indeterminate.
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• We also find:

• Result 7: Under certain cost-benefit conditions, a higher wolf population may increase 
the social surplus when landowner management is steered by profit maximization as well 
as routinized behaviour.

• When profit maximization:

• When routinized behaviour:

• We may also state:

• Result 8: Under profit maximization, compensation induces a larger discrepancy 
compared to the social planner solution while the discrepancy is unaffected under 
routinized behaviour.
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• A higher moose density discrepancy between the social planner solution 
and landowner management under profit maximization due to 
compensation. Also indicates a higher social surplus discrepancy. Both  
more negative external effects (traffic damage costs) and higher 
compensation because of more moose predation. This leads to:

• Result 9: Compensation induces a double economic loss for society when 
landowner management is steered by profit maximization

.
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8. Numerical illustration

Table 1: Baseline economic and ecological parameter values 

Description Parameter Value  Unit  Source/Reference 

Moose 

intrinsic 

growth rate 

r   0.47  Olaussen and Skonhoft 

(2011) 

Moose 

carrying 

capacity 

K   4,600 # of animals Given (scaling the 

system) 

Traffic 

damage 

mortality rate 

q   0.02  Solberg at al. (2009)?? 

Predation rate  Wψ  0.05   

Hunting price p   9,800 NOK/animal Olaussen and Skonhoft 

(2011) 

Unit browsing 

damage cost 

d   500 NOK/animal Olaussen and Skonhoft 

(2011) 

Unit traffic 

damage cost 

a   1,700 NOK/animal www.Hjorteviltportalen 

Discount rent δ   0.00  Assumed 

Harvesting 

fraction 

routinized 

behaviour 

γ   0.3  Saether et al. (1992) 
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Table 3: Social planner solution, and social surplus landowner solutions (steady state). 

Baseline parameter values, and high and low predation pressure 

 

 

Predation 

pressure 

            Social planner solution Social surplus landowner 

management (1000 NOK) 

Moose 

stock 

size s
X  

(# of 

moose) 

Moose 

harvest 

s
h  (# of 

moose) 

Predation 

(# of 

moose) 

Social 

surplus 

s
S  

(1000 

NOK) 

Profit 

maximization 

without 

compensation

*
S . Full 

compensation 

in brackets (

*cS ) 

 

Landowner 

routinized 

behaviour 

without 

compensation

**S . Full 

compensation 

in brackets (

**c
S ) 

Baseline 

predation, 

0.05Wψ =   

 

859 

 

268 

 

 

43 

 

739 

 

 

17 

(-458) 

 

724 

(724) 

Zero 

predation, 

0Wψ =  

 

1103 

 

372 

 

 

0 

 

1219 

 

 

498 

(498) 

 

1086 

(1086) 

High 

predation, 

0.10Wψ =  

614 176 61 378 -344 

(-1416) 

362 

(362) 
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9. Concluding observations

• Policy implications:

• Negative external traffic damage costs should be included in the 
Scandinavian moose management practice. This may be done either 
through taxation, but possibly more realistic, through quantity 
regulation of the moose management and hunting by the wildlife 
authorities. 

• The second important policy implication is that the considered ex post
compensation scheme of the landowners for loss due to predation 
incurs an extra loss for society. Therefore, if  compensation, it should 
be of the ex ante type.
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• Thank you!!
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