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Illegally logged rainforest tree in Gunung Palung National 
Park in Indonesia

Irregal logging
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Cleared area in Cambodia 
(http://www.chiangraitimes.com/news/16262.html) 



In many tropical
countries, 
forest is in danger
of illegal logging.
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Illegal logging and Corruption 
are correlated



[1] Profit sharing suppresses illegal logging

[2] Illegal logging is a result of corruption

Two theoretical models of illegal logging 
in tropical forests
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Profit-sharing and agroforestry 
in Indonesian tropical forests
with high risk of illegal logging
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Anthropogenic pressure in Java 

caused changes in the forest use since 1997 

Center for international forestry research



Deforestation in Java by illegal logging

Teak Forest 
(www.mm.feb.ugm.ac.id) 

Signs of illegal logging
(www.mm.feb.ugm.ac.id) 



10 yen is about 1,000 Rupiah 

Locals involve in surveillance 
to suppress illegal logging

Fujiwara et al., 2012

Decreased
Incidents 



Profit sharing from timber harvest

Fujiwara et al., 2012

Few forests apply profit-sharing management



Forest manager
(government)

Locals
Salary

Illegal logging
Rangers

Trees

Payment 
to labor

Management plan

Harvest
profit

Rangers cannot stop illegal logging

Maintenance effort



Forest manager
(government)

Locals
Salary

Illegal logging
Rangers

Trees

Payment 
to labor

Management plan

Harvest
profit

Profit sharing makes local people help in 
suppressing illegal logging by surveillance

Maintenance effort

Profit
sharing

Agroforestry

Surveilance
activity



α rate of profit sharing
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σ t owner’s choice of cutting trees

Cut trees
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c payment to workers

natural disturbance/
illegal logging

Wait
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expected future profit (site of trees age t)

harvest profit, payment to worker, site value age 0
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Lt disturbance by stealing
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Decision of manager

Participate to surveillance activity

€ 

c Payment of labor from manager

disturbance survival

agro Income from crop production
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Optimal profit-sharing rate α
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Low natural disturbance (large s), 
Low sensitivity to utility difference (small b),

Small discounting rate (small r), 
Low maintenance cost (small c)

Smaller profit-sharing fraction a.

The decision on resource management
should vary with 

ecological and social parameters.
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Freedom from corruption is strongly 
correlated with economic success

R Fisman and MA Golden (2017)
“Corrumption: What everyone needs to know.”
Oxford Univ. Press





Defector
(engage in illegal logging)

Cooperator
(work as promissed)

Corrupt umpire
(collect bribe and 
neglect illegal logging)

Honest umpire
(punish illegal loggers)

Harvester 1 Harvester 2

rule
enforcer

players
(harvesters)

umpire
(rule enforcer)

information on the umpire type



If there is no umpire
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If there are honest umpires
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If there are corrupt umpires
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b – c – f
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b > c > B
bribe



“Prudent Cooperator”

PC drops out of the game,  
if the umpire is corrupt.

PC plays the game, 
only if the umpire is honest.

PC must pay the cost h
to know the umpire type 



cooperator

defector

OC

OD

PC

PD

optimistic prudent

Four types of players (harvesters)

pay the costdo not pay
the cost

h the cost to know the umpire type



Two-population replicator dynamics



OC

Corrupt

Honest

player
population

umpire
population

PC

PD OD

PD
OC

Honest
Honest

Corrupt

Player 1 Player 2

rule
enforcer

Player 1 Player 2

rule
enforcer

Player 1 Player 2

rule
enforcer



players (4 types):   Cooperate or Defect
(harvesters)         Optimistic or Prudent



corrupt umpire receives
2f+B*[No. of OD or PD players]      

when neither player is PC

0               when one of the players is PC

honest umpire receives
2f when neither player is PD
0               when one of the players is PD

umpire (2 types):    Honest or Corrupt



It tends to adopt the behavior of 
successful players in the population.

At a small rate, 
a player adopts a novel behavior.

Player changes its behavior occasionally.

Evolutionary game simulation. 

exploration

imitation



small population size low exploration rate

large population size high exploration rate

time

time



small exploration rate high exploration rate
small population size large population size



In a large population with high exploration rate, 
the population is a mixture of many types. 
The evolution takes place as the dynamical 
change of their fractions. 

Two limits

In a small population with low exploration rate, 
the population is close to monomorphic.
The evolution proceeds as jumps between 
vertexes. 



In a small population with low exploration rate, 
the evolution proceeds as jumps between vertexes.

Shift from Corrupt to Honest, when PC is abundant

Shift from Honest to Corrupt, when OC is abundant
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the population is a mixture of many types. 
The evolution takes place as the dynamical 
change of their fractions. 

Two limits
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The evolution proceeds as jumps between 
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corrupt 
umpires
increase

optimistic 
cooperators
dominate

corrupt

OC dominates



exploration rate is
small intermediate large

population size is large;  replicator dynamics

Penalty A is large



exploration rate is
small intermediate large

population size is large;  replicator dynamics

Penalty A is small



Conclusion

Corruption would not disappear.

[1] It always exists a considerable fraction,
or 

[2] it occasionally comes back. 



Thank you for listening!


