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Context

Storms = 53% of the total forestry damage due to natural hazards in Europe (Schelhaas et al., 2003) ⇓

The damages are numerous :

• storms impact forest stock (production risk)

• storms force the forest owner to rapidly put windfalls in the market, generating a timber price decrease (price risk)

• storms cause timber quality losses amplifying the price decrease → Example of Klaus in january 2009 : 40 million of cubic meters of damages, price of the main damaged species decreases in 30% due to quality loss (Nicolas, 2009)

Literature

• Price and/or production risk Such risk have been analysed using various approaches : Markov decision process (MDP), simulation models, option theory models

• MDP approach

Such approach has been used to deal with numerous forest planning problems under risk and uncertainty : climate change, risk of forest fire, maintenance of wildfire, reserve site selection, optimal stand management under growth and price uncertainty

• Price and production risk with an MDP approach in the forest sector ⇒ No MDP approach optimizing a forest management under stochastic events with a link between production risk, price risk and quality loss

Objective, methodology and contributions

• Objective : to analyze the impact of storm on forest owners harvesting decision under dependent production and price risks amplified by a quality loss

• Methodology : a MDP modeling framework to describe the timber stock dynamics and the forest owner's objective of expected intertemporal utility maximization

• Four contributions :

production and price risks are dependent (rather than independent) -price risk is amplified by a timber quality reduction (rather than no quality loss) -the decision variable is the amount of timber (rather than optimal harvesting age) -risk averse forest owner (rather than neutral one)
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Assumptions : 1) a private forest owner with a stand composed of one unique species ;

2) the stock of trees is in age to be harvested.

• X i : stock of standing trees available for harvesting with X i ∈ [0, N]

• w i : stock of windfall resulting from storm with w i ∈ [0, N]

• u i : amount of harvesting from the standing stock (decision variable)

• π i : profit from the selling of harvesting and windfall

• γ : constant forest growth

• s i : intensity of storm with s follows a decreasing and convex distribution f (s), with

s i ∈ [0, N].
→ the occurrence of storm s impacts the stock of standing trees by generating a stock of windfall w.

• MDP The evolution of timber stock (standing trees and windfalls) is as follows :

X i+1 = X i -u i + γ i -min[s i , X i -u i + γ i ]
under the constraint 0 ≤ u i ≤ X i .

• Price modeling Two different markets with two prices :

-Market for the harvesting of standing trees with a price pt constant over time -Market for the windfalls with a price p w i = αpt -bw i → α ∈ [0; 1] is a % of price pt corresponding to the lower quality of fallen trees

• Objective function -At each period, the forest owner's profit is :

π i = pt u i + p w i w i -The expected intertemporal utility is : maxu i E ∞ i=0 V i (1+λ) i
→ The classical specification of utility function is a CRRA function as

V i = π i 1-β 1-β
⇒ Objective = to determine the optimal harvesting policy u * in order to maximize the expected intertemporal utility 6/13

This problem is numerically solved using a policy improvement algorithm (Howard, 1960)

→ It ensures the existence and uniqueness of the optimal solution → It it allows to obtain a series of policies improving monotonically at each iteration : each policy is first applied (calculation of the utility associated to a strategy) and then maximized in order to obtain a new policy ⇒ We implemented this algorithm using Mapple software

Example of transition matrix for N = 2 and u = 1

Initial stock Final stock (X i+1 , w i+1 ) (X i , w i ) 0 1 2 0 0 p 1 p 2 p 0 0 0 0 0 0 0 p 1 p 2 p 0 0 0 0 0 0 0 p 1 p 2 p 0 0 0 0 0 0 1 0 p 1 p 2 p 0 0 0 0 0 0 0 p 1 p 2 p 0 0 0 0 0 0 0 p 1 p 2 p 0 0 0 0 0 0 2 0 0 p 2 0 p 1 0 p 0 0 0 0 0 p 2 0 p 1 0 p 0 0 0 0 0 p 2 0 p 1 0 p 0 0 0
Interpretation of the boxed element : What is the probability to shift from an initial stock of 2 to a final stock of 1 ? → The only way to end up with X i+1 = 1 is that a storm of intensity s i = 1 occurs. This happens with probability p 1 .

⇒ a general description of the establishment of the transition matrix appeared in details in the paper.
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Benchmark scenario (noted B)

a forest with a potential of 10 units of trees in age to be harvested (N = 10) -a standing timber price normalized to pt = 1 -the price decrease amplification due to the quality loss of windfall is parametrized by α = 1

the discount rate is λ = 0.05 -the risk aversion parameter is β = 0.5

the probability of storm is inversely proportional to its intensity, so that the vector of probabilities anticipated by the forest owner P B = (p 0 , p 1 , ..., p 10 ) is : Interpretation : w i = 0, X i = 4, u i = 3, expected intertemporal utility = 32.4

P B = (0.
We have developed a MDP model for forest management under storm risk and proposed a tool for finding the optimal harvesting policy that shows coherent behaviors :

• increasing storm risk or decreasing risk aversion leads the forest owner to harvest more. This situation lower the expected intertemporal utility.

• decreasing storm risk or increasing risk aversion leads the forest owner to harvest less. This situation increases the expected intertemporal utility.

• the quality loss has no effect on harvesting, while it reduces expected intertemporal utility.

Possible extension : to consider two commands, harvesting decision + insurance/self-insurance choice → Ex : timber storage to lower the price decrease

Context

Sensitivity analysis on storm probability distribution

We consider two other distributions corresponding to an increase in the risk, P s1 (scenario 1) and P s2 (scenario 2), with : 

) -1 (-12.9) 0 (-12.4) 0 (-12.2) 0 (-12.1) 0 (-12.1) 0 (-12.1) 

2) 1 (-12.4) 0 (-12.1) 1 (-12.1) 0 (-12.1)

* Variation in timber harvesting compare to B (variation in expected intertemporal utility compare to B, in %)

Interpretation : w i = 1, X i = 6, u i = B + 2 = 5, expected intertemporal utility = B -12.1% = 29.8

Results : higher timber harvesting than in B and lower expected intertemporal utility

Sensitivity analysis on risk aversion

• 0 ≤ β ≤ 0.225 : risk neutral → higher harvesting and lower expected intertemporal utility compared to B.

The owner can be considered as risk neutral since all the standing stock is harvested.

The risk neutrality turns the owner into a simple profit maximizer.

• 0.225 < β < 0.5 : slightly risk averse → higher harvesting and lower expected intertemporal utility compared to B.

The forest owner has a tendency to reduce the risk exposure of the forest. The owner has incentives to harvest in order to diminish future potential damages.

• β ∈ [0.5, 1] : very risk averse → lower harvesting and higher expected intertemporal utility compared to B. The harvesting reduces the timber stock at the beginning of the next period which lowers expected future utility.

To avoid this phenomenon, the forest owner reduces timber harvesting.

Sensitivity analysis on quality loss

The price decrease due to the quality loss of windfall after Klaus in 2009 is equal to 30% (Nicolas, 2009), so that we consider α = 0.7 :

2) 0 (-15.8) 0 (-15.9) 0 (-16) 0 (-15.9) 0 (-15.9) 0 (-15.9)

0 (-14.5) 0 (-14.8) 0 (-14.7) 0 (-14.8) 0 (-14.8) 0 (-15.1) 0 (-14.8) • • • 4 0 (-14.2) 0 (-14.3) 0 (-14.5) 2 (-14.6) 0 (-14.6) 0 (-14.8) 0 (-14.6) • • • 5 0 (-14) -2 (-14.1) 0 (-14.2) 0 (-14.4) 1 (-14.4) 1 (-14.6) 1 (-14.4) • • • 6 0 (-13.8) 0 (-13.9) 0 (-14) 0 (-14.2) 0 (-14.2) 0 (-14.2) 0 (-14.2)

-1 (-13.3) 0 (-13.7) 0 (-13.8) 1 (-13.8) 0 (-13.7) 0 (-14) 0 (-13.7) • • • 8 0 (-13.1) 0 (-13.2) 0 (-13.4) 0 (-13.6) -1 (-13.5) 0 (-13.5) -1 (-13.5) • • • 9 0 (-13.2) 0 (-13.3) 1 (-13.2) 0 (-13.4) 0 (-13.6) 0 (-13.3) 0 (-13.6) • • • 10 -1 (-12.7) 0 (-12.9) 1 (-12.8) 0 (-13.2) 0 (-13.2) 0 (-13.2) 0 (-13.2) • • • * Variation in timber harvesting compare to B (variation in expected intertemporal utility compare to B (in %)

Results : very few impact on timber harvesting and lower expected intertemporal utility → Why no effect ? because of the relatively small impact of the price decrease (due to the quality loss) in front of the forest owner's objective of smoothing the utility.