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The objective of this article is to study the forest owner's coverage strategies in the presence of natural hazards. We develop a theoretical model which considers two periods. In this model, the private forest owner can either save a part of his/her income in order to take precautions against natural hazards or adopt sylvicultural practices. Thus we want to compare a financial prevention tool with a physical one. Our analysis also consider the non-profit services provided by the forest. We produce several comparative static analysis especially on initial wealth, on initial forest stock and on timber prices. We show that, under some assumptions, accumulation of savings and sylvicultural practices may be seen as perfectly substitutable for the forest owners. We also show that this potential substitutability do not imply that the two hedging tools act in the same way on the forest owners behaviour and do not involve that the forest owners react to some given shocks in the economy by the same decisions.

Introduction

For several years, the frequency of the extreme climatic events seemed to increase and caused more and more damages. For example, Hurricane Andrew in 1992 costs around 25 billion dollars, earthquake of Kobe in 1995 costs 100 billion dollars and Hurricane Katrina in 2005 costs more than 50 billion dollars. The substantial damages developed by these natural disturbances are observable in numerous areas especially in the forest sector. These damages have principally two origins : windstorm and fire, liable respectively for 53% and 16% of the total damages. Indeed, in 1999, storms Anatol, Lothar and Martin hit Denmark with 3,500,000 cubic meters of damages, France with roughly 140,000,000 cubic meters and Germany with 34,000,000 cubic meters. In 2003, the forest fires are exceptional in France with 95,000 hectares damaged but particularly in the South of Europe with 150,000 hectares burned in Spain, roughly 500,000 hectares in Portugal and 120,000 hectares in Italy. More recently, in 2005, Northern Europe was hit by storm Gudrun which caused 75,000,000 cubic meters of damages in Swedish forest. [START_REF] Schelhaas | Natural Disturbances in the European forests in the 19th and 20th centuries[END_REF] assert that, in European forests, during the period 1950-2000, an annual average of 35 millions of cubic meters of damages of wood were the consequences of natural hazards1 .

The forest sector is very sensitive to natural hazards because the forest management is a long-term process involving a long period between the plantation and the harvesting. Moreover, the forest sector provides services to the forest owners from their harvesting, in financial terms, but also from the amenities. These amenities refer to non-profit services provided by forest, like walk and crop of mushroom but the forest have also an ecological function which is took into account in the amenities. The forest owners give more and more importance to these amenity services 2 even if there is no financial incentives to these functions. The paper puts the emphasis on this alternative use of forest 3 . From a theoretical point of view, this leads to introduce it in the forest owner's objective function, and allows to investigate more generally the various hedging strategies of forest owners against the risks they are facing.

The point is that when a catastrophe occurs, damages on forest may have both a monetary and non monetary aspect for the owners. In order to protect themselves against these natural hazards, the forest owners can buy an insurance policy. But from a practical point of view, it is well-known that insurance contracts usually cover only monetary damages; on the other hand, we can observe that insurance is a common practice only in very few regions 4 . More generally, the forest owners use sylvicultural practices or financial instruments rather than market insurance strategies to protect their forest assets against natural disasters. There is no data about the coverage activities of the forest owners but according to them, to the experts and to the forest owners' representatives, these prevention measures are often used.

The sylvicultural practices, such as reducing density or thinning, have the objective to improve the management of the forest. The financial practices are essentially associated to the accumulation of savings.

In this perspective, the aim of our article is to investigate decision making for the nonindustrial forest owners in terms of coverage against natural hazards, and thus providing a comparative analysis of the alternative advantages produced by two different strategies: sylvicultural practices versus savings. Despite the absence of data about these behaviours, which prevent to test our predictions, we adopt here a normative approach designed to provide a basic dynamic framework with microeconomic foundations.

At the same time, our article takes one's inspiration from the forest management literature. [START_REF] Brunette | Auto-assurance, assurance et risques naturels: une application à la gestion forestière[END_REF] deal with the prevention against natural hazards in the forest sector. They developed a static theoretical model which allows to study the natural hazards in the forest area and study self-insurance activities and market insurance. Nevertheless, this model is static and it does not consider the savings and the amenities. [START_REF] Amacher | Not Getting Burned: The Importance of Fire Prevention in Forest Management[END_REF] study the forest landowner's behaviour in the presence of fire risk.

In a Faustmann-type framework, they consider that the forest owner can undertake sylvicultural practices such as intermediate fuel treatment and varying initial planting density.

They show that based on simulations, the standard result that fire risk reduces the optimal 4 For example, in Sweden, more than 90% of the private forest area is insured either against fire or against fire and windstorm and more than 65% of the private forest area in Danemark is insured against windstorm. Inversely, less than 5% of the private forest owner are insured against windstorm in France and approximately 2% in Germany. rotation age does not hold when landowners use fuel management. Indeed, the optimal rotation age rises as fire risk increases. These authors include the sylvicultural practices but they do not integrate the amenity services and the financial coverage strategy. Moreover, they do not consider a dynamic framework. A dynamic approach of risk management in the forest sector is introduced by [START_REF] Koskela | Optimal Design of Forest Taxation with Multiple-Use Characteristics of Forest Stands[END_REF]. The paper studies optimal forest taxation under uncertainty about future timber price when private forest owners value amenity services of forest stands and forest stands have public goods characteristics. This article considers the risk, a two period modet and amenity services. Nevertheless, the authors assume a quasi-linear utility function, do not integrate coverage activities and deal with optimal taxation which is an objective very different of ours. Finally, [START_REF] Koskela | Timber Supply, Amenity Values and Biological Risk[END_REF] study the effects of biological risk on harvesting behaviour in a two-period model.

Using a model based on Kreps-Porteus-Selden preferences, they distinguish uncertainty on initial forest stock from uncertainty on forest growth and they consider the difference between multiplicative risk and additive risk. They also introduce amenity services in their model. They show that under biological uncertainty, a rise in the multiplicative (additive) forest growth risk increases (has no effect on) current harvesting, while a rise in the forest stock risk always decreases it. The authors include risk and amenities but no dynamics for wealth and no hedging activities.

In this paper, we focuse on self coverage activities which may be used by forest owners in order to hedge against natural risks; we mainly consider financial strategies (accumulation of savings) and sylvicultural activities (regeneration process of forest). We propose a dynamic model with two periods which considers the amenities and includes these coverage activities.

We show that accumulation of savings and sylvicultural practices may be seen as perfectly substitutable as hedging strategy by the forest owners. We also show that this potential substitutability do not imply that the two hedging tools act in the same way on the forest owners behaviour and do not involve that the forest owners react to some given shocks in the economy by the same decisions.

The plan of the paper is as follows. In section 2, we develop the theoretical model by separating the optimal savings decision model and the optimal sylvicultural practices decision model. These two models are in a risky framework. In section 3, we present the results of the comparative static analysis by interpreting the differences between the financial prevention tool and the physical one. Section 4 contains some concluding comments.

Optimal hedging strategies in a risky context

We study the hedging behaviour of a representative forest owner5 against natural hazards, in an expected utility framework, in order to better understand the dynamic effects on the forest owner's decision making. In our model, there is two categories of decision variables given that forest, on the one hand is a productive asset for the owner (forest allows the owner to obtain earnings), and on the other hand, it is a risky asset with an uncertain value in the future (requiring that the forest owner undertakes protective investments). In our model, the first kind of decision variables is associated to the forest management strategies (harvesting at each date). The second type of decisions linked to the coverage of risks, is understood either as savings noted s or sylvicultural practices noted q.

We consider a private forest owner endowed with an exogenous initial wealth y and an evenaged forest with an initial stock Q. The owner is assumed to have preferences over present and future consumption (c 1 and c 2 ) and over present and future amenity services provided by the forest stands (k 1 and k 2 )6 . For the sake of simplicity, we assume that preferences have a representation which is separable (at each date) between consumptions and amenities, and additively separable accross periods, which write as:

V = u(c 1 ) + v(k 1 ) + δE u(c 2 ) + v(k 2 ) (1)
where δ denotes the discount rate and E the expectation operator, u being the utility value of consumption (supposed to be increasing and concave), v being the utility value of forest amenities (being increasing and concave)7 . Thus V describes the total discounted utility from consumption and amenity services for both periods. The existence of the forest stocks k i with i = 1, 2 procures the amenity services to the forest owner. Nontimber services vanish with the standing stock. The value of the forest stock in the second period is uncertain because we assume that forest may be damaged by a natural hazard at the beginning of the second period8 . In our framework, this is captured as follows: the physical gross rate of forest growth γ is a random variable whose realizations belong to the interval [-γ, γ] with γ > 19 . In words, our model puts the uncertainty on forest growth rate.

Financial strategy

If the forest owner opts for the financial tool in order to protect the forest stand against the consequences of a natural disaster, the decision variables are the harvesting in the first and second period, denoted respectively x 1 and x 2 , and the savings s.

The objective of the forest owner is the maximisation of (1) with respect to x 1 , x 2 and s, under the following constraints:

               c 1 = y + p 1 x 1 -s k 1 = Q -x 1 c 2 = p 2 x 2 + Rs k 2 = γ(Q -x 1 ) -x 2
Remark that k 1 and k 2 represent the joint production of timber and amenities. By harvesting a part x 1 of the initial forest stand Q, the owner chooses also k 1 . This remaining stock will grow according to the growth rate γ. By choosing the size of the second period harvesting

x 2 the owner decides also the future forest stock k 2 which gives terminal amenity services.

We consider that the timber price at date i is denoted by p i with i = 1, 2 and R = (1+r) with r denotes the interest rate on the capital market. Then the two other constraints deal with the forest owner's consumption and savings decisions. In the first period, the consumption is defined by the sum of the initial wealth and the net revenue from harvesting minus the savings. In the second period, the consumption represents the sum of the net revenue from harvesting and the capital income plus savings.

The optimal first and second period harvesting (x * 1 , x * 2 ), and the optimal accumulation of savings (s * ), are given by the following first order conditions, respectively:

p 1 u (c * 1 ) -v (k * 1 ) -δE[γv (k * 2 )] = 0 (2) p 2 u (c * 2 ) -E[v (k * 2 )] = 0 (3) -u (c * 1 ) + δRu (c * 2 ) = 0 (4)
The equation (2) means that the optimal harvesting is reached in the first period when the marginal benefit of this harvesting expressed in utility terms, p 1 u (c * 1 ), is equal to its marginal cost (also in utility terms)

v (k * 1 ) + δE[γv (k * 2 )].
Remark that this marginal cost can be divided in two terms. The first effect comes from the existence of a tradeoff between consumption and amenity services in the first period: an increase in x 1 allows to increase the first period consumption but reduces the first period stock k 1 , such as the value of amenity services decrease. The second effect is explainable in terms of intertemporal substitution effects: increasing x 1 reduces, all else held equal, the second period value of the forest stock k 2 , and thus decreases the second period value of amenity services.

The first order condition (3) determines x 2 by equating the marginal benefit of harvestings expressed in utility terms p 2 u (c * 2 ) and their marginal cost (also in utility terms) E[v (k * 2 )]. Finally, the condition (4) means that the optimal savings is obtained when the marginal benefit of savings, expressed in utility terms, δRu (c * 2 ) is equal to its marginal cost (also in utility terms) u (c * 1 ). Remark that (4) can be rewritten as follows:

u (c * 1 ) u (c * 2 ) = δR (5)
This expression means that the optimal savings is reached when the marginal rate of substitution between consumptions is equal to the return of savings, which is a condition well-known in the literature on consumption/saving decision.

Mixing the first order conditions (2), ( 3) and ( 4), allows us to obtain the fundamental intertemporal harvesting rule defined by:

p 1 p 2 δR = v (k * 1 ) E[v (k * 2 )] + δ E[γv (k * 2 )] E[v (k * 2 )] (6) 
which means that the equilibrium level of harvests at each date must be set such as the real return of savings 10 equals the rate of growth of amenity services (in utility terms), plus the risk-adjusted physical rate of forest growth. Interestingly enough, this last term in (6) may be developped in order to obtain:

E[γv (k * 2 )] E[v (k * 2 )] = E[γ] + cov(γ, v (k * 2 )) E[v (k 2 ) * ]
showing that the risk-adjusted physical rate of forest growth may be decomposed as the expected growth rate plus the price of risk.

As a result, (6) also writes:

p 1 p 2 δR -δE[γ] = v (k * 1 ) E[v (k * 2 )] + δ cov(γ, v (k * 2 )) E[v (k * 2 )] (7) 
Several comments can be made on the basis of equation ( 7). First, assume that there is no uncertainty 11 and no valuation of amenity services; then, the RHS of equation ( 7) would be equal to zero, such as (7) reduces to:

p 1 p 2 R = E[γ]
. This means that the harvesting strategy and the accumulation of savings would be carried up to the point where the real return of savings is equal to the expected physical growth rate of forest: in equilibrium the physical asset (linked to the choice of harvesting) and the financial one (associated to savings) must have the same rate of return so that, the forest owner uses both instruments.

The introduction of amenities (but no uncertainty) increases the perceived rate of forest return for the owner, which is the sum of the (physical) expected rate of growth E[γ],

plus the additional term denoted

v (k * 1 ) v (k *
2 ) which represents the growth rate of amenity services expressed in utility terms. Finally, taking into account for uncertainty and the valuation of amenity services, the RHS term in ( 7) is positive because cov(γ, v (k * 2 )) > 0.

Sylvicultural Practices

The sylvicultural practices consist, for the forest owner, in a regeneratiion of a part of the forest in the first period. This regenerated part of the forest procures an outcome only in the second period -the implicit assumption is that the young plantations and the sowing produce no financial and no ecological value as soon as they have not yet reached a sufficient size which occurs only in the second period. The investment in the regeneration process will be represented through a constitution cost at the first period, denoted cq where c is the marginal cost (let us assume it is constant), which gathers elements like time, area and seed, and q represents the amount of the stock of regenerated trees (for example, a physical reserve of trees) choosen by the forest owner.

To the extent that the owner opts, now, for the sylvicultural practices (rather than for the accumulation of savings) the decision variables are the harvesting in the first and in the second period, denoted respectively x 1 and x 2 , and the stock of regeneration q.

The objective of the forest owner is the maximisation of (1) with respect to x 1 , x 2 and q and under the following constraints:

               c 1 = y + p 1 x 1 -cq k 1 = Q -x 1 c 2 = p 2 x 2 k 2 = γ(Q -x 1 ) + q -x 2
The cost of the sylvicultural practices is deducted from the initial wealth y plus the outcome obtained by the first period harvesting p 1 x 1 . The forest stock in the first period k 1 is the same whatever the coverage strategy adopted by the forest owner. We can see that the sylvicultural practices act on the forest stock of the second period by increasing it by the amount q while, we have seen previously, that the savings acts on the consumption of the second period by increasing it by Rs. Thus the forest owner removes cq to the first period consumption to set up a stock of regeneration which increases the forest stock in the second period.

1 * ) × v (k * 1 * ) u (c * 1 * ) (11)
It comes that the optimal stock of regeneration is choosen such as the marginal cost of constitution is equal to the (marginal) willingness to pay for amenities12 (gross) divided by the rate of growth of amenity services. This reflects that the forest owner is now confronted with two different tradeoffs: first, between consumption and amenities in the first period, and second, between amenities at each date.

Using (9) and (10), we have the following simplified condition:

u (c * 1 * ) u (c * 2 * ) = δ p 2 c ( 12 
)
This expression means that the equilibrium value for q is reached when the rate of return of sylvicultural practices is equal to the marginal rate of substitution between consumptions.

This also shows that sylvicultural practices mimic the functionning of financial markets and the accumulation of savings, in the sense that they play the role of a technology of intertemporal transfers of ressources: the forest owner has the opportunity to choose a consumption path along which the rate of return of the physical asset equals his/her personal marginal rate of intertemporal substitution.

Finally, mixing the three conditions (8), ( 9) and (10), it is easy to see that the harvesting rule satisfies the following condition:

p 1 p 2 δ p 2 c = v (k * 1 * ) E[v (k * 2 * )] + δ E[γv (k * 2 * )] E[v (k * 2 * )] (13) 
which implies that the optimal levels of harvesting are reached when the real return of sylvicultural practices is equal to the intertemporal rate of growth for amenity services, plus the risk-adjusted physical rate of forest growth. Once more, this enable us to characterize the optimal harvesting rule as follows:

δ p 1 c -δE[γ] = v (k * 1 * ) E[v (k * 2 * )] + δ cov(γ, v (k * 2 * )) E[v (k * 2 * )] (14) 
This last equation ( 14) leads to the same qualitative results as those suggested for condition (7): thus the similar comments apply as regard to the role of uncertainty and amenity services.

Finally, comparing (5) to ( 12) and ( 7) to ( 14) suggest the following fundamental result:

Proposition 1: Consider an economy (its basic parameters are p 1 , p 2 , δ), where forest owners have access to perfect financial markets in order to manage natural hazards associated to the random growth rate of forest γ, and such as financial markets pay a non risky (gross) rate of interest denoted R. Then, there always exists an alternative economy (with the same basic parameters and natural hazards) where forest owners invest in costly sylvicultural practices (the marginal cost being c) which enable them to regenerate a part of their forest, such as forest owners have the same intertemporal consumption rule and adopt the same harvesting rule.

The intuition of this " equivalence theorem " is obvious, coming back to (12): consider that p 2 c = R, meaning that the gross interest rate of savings is equal to the rate of return of sylvicultural practices -( 5) and ( 12) are thus identical, implying that, whatever the instrument at the disposal of forest owners to manage natural hazards, they will be induce to choose the same intertemporal consumption rule. By the same token, if p 2 c = R, then ( 7) and ( 14) are identical, meaning that in both economies, forest owners also undertake the same harvesting activities. In words, as soon as p 2 c = R, savings and sylvicultural practices are perfectly substitutable tools.

3 Analytics of timber supply under risk and multiple-use of forests

This section develops the comparative statics of the model, for both instruments of risk management. The methodology for this analysis is presented in Appendix 1, and the main results are summarized in the following table.

Insert Table 1 here.

Roughly speaking, we can see in table 1 that the results can be divided in two groups. The first group of results concerns the effects of the variables y and Q while the second one concerns the impact of p 1 and p 2 . On the one hand, the analysis concerning the impact of y and Q requires similar assumptions (conditions put on the indexes of absolute and partial risk aversion for the amenity services). On the other hand, the analysis of p 1 requires assumptions which are very close to those adopted for p 2 (conditions put on the indexes of absolute risk aversion for the utility function of consumption). We thus discuss separately these effects.

In fact, the main conclusion which is provided by table 1, is that although financial markets on the one hand, and sylvicultural practices on the other hand, may be seen as perfectly substitutable (in the sense of proposition 1) for forest owners, more generally they not necessarily imply that forest owners should react to some given shocks on the economy by the same decisions, specifically those concerning their harvesting rules.

Effects of endowment variables

At first glance, we can observe that the savings presents a more complex mechanism in terms of analysis. Indeed, in order to have non ambiguous results, additional assumptions are always necessary while it is not the case for the sylvicultural practices analysis. These additional assumptions bear on the risk aversion coefficients, especially the absolute and the partial one. It is not surprising because conditions about aversion is standard in the coverage startegies literature. What is interesting it is that these risk aversion coefficients are expressed with regard to utility derives from amenity services. Consequently, the most important element for the forest owner when he/she takes his/her coverage decision is the amenity services provided by the forest stock.

Changes in the initial wealth y (monetary wealth effects):

First, concerning the impact on x 1 , we find a non ambiguous result without the need of any additional assumption, whatever the coverage instrument used (savings or sylvicultural practices). In fact, when the initial wealth increases, the owner decreases the first period harvesting. The representative forest owner wanting to keep his/her standard of living constant, as the initial wealth increases, he/she reduces the harvesting, so that the first period consumption stay constant. This increase of initial wealth allows the owner to raise forest stock and amenity services.

Second, we show that when the initial wealth increases, the owner increases the second period harvesting. No assumption is required to obtain this result for the sylvicultural practices context. Conversely, for the savings, this result is true only if the following assumption is respected:

-v (k 1 ) v (k 1 ) ≤ -δE[γv (k 2 )] E[v (k 2 )]
, with the LHS representing the absolute risk aversion coefficient of Arrow-Pratt with regard to the amenity services in the first period and the RHS being a partial risk aversion coefficient with regard to the amenities in the second period.

This result means that when the forest owner's initial wealth increases, the second period harvesting raises. Thus the increase in the forest owner's initial wealth is not sufficient to keep his/her second period consumption constant without an increase in the harvesting. As a result, the forest stock of the second period is reduced and the amenity services also.

Third, dealing with the coverage variables s or q, we find a similar result for both savings and sylvicultural practices: when the forest owner's initial wealth increases, the coverage activities are increased. This result is true for the two coverage activities but the additional assumptions are different: for the savings, the asbolute risk aversion coefficient must be inferior to the partial one, while for the sylvicultural practices it must be superior to the partial one.

Changes in the initial forest stock Q:

Concerning the impact on x 1 , we find the same result for the savings and the sylvicultural practices: after an increase in the initial forest stock, the owner increases the first period harvesting. However, the result is the same for the two activities but the assumption needed in order to obtain it is different. For the savings, the assumption depends always on the absolute risk aversion coefficient and it must be inferior to the partial one. In return, for the sylvicultural practices, the assumption bears on the marginal cost of the regeneration process which must be superior to p 2 2 . Next, we observe that after an increase in the initial forest stock, the owner increases the second period harvesting. No assumption is compulsory in order to obtain results for the sylvicutural practices. The same result is true in the savings context if the absolute risk aversion coefficient is superior to

-p 2 p 1 E[v (k 2 )] E[v (k 2 )] .
These two results appeal to the same intuition: the forest owner cuts a constant proportion of his/her forest at each period and as the initial forest stock increases, the owner increases the harvesting in the first period and in the second one, so that the amenity services are constant.

Finally, if the owner's initial forest stock increases, he/she raises his/her coverage activities both savings and sylvicultural practices. This means that the larger the forest area is, the more the forest owner's coverage activities are. This result is true for the savings and the sylvicultural practices if the absolute risk aversion coefficient is superior to the partial one.

Effect of price variables

We can observe two main differences between the first group of variables analysed and this one. Firstly, in this group, the results are more often conditioned to assumptions and secondly, the assumptions bear on the parameters of consumption while they deal with amenities in the group of variables previously analysed. Thus when we study the impact of timber prices, we observe that the forest owner's crucial elements are the utility derives from consumptions in both periods. We can also see that the assumptions can be interpreted in terms of risk aversion coefficient.

Changes in the first period timber price p 1 :

Concerning the impact of a change in the timber price in the first period, we obtain the same results for the three decisions variables for both savings and sylvicultural practices: if the partial risk aversion coefficient with regard to c 1 is superior to 1, then dx 1 dp 1 ≥ 0, dx 2 dp 1 ≤ 013 and ds dp 1 > 0 or dq dp 1 > 0. In return, if the partial risk aversion coefficient is inferior to 1, then we have ambiguous area. Nevertheless, the intuition suggests that this coefficient is superior to 1 meaning that after an increase in the first period timber price, the forest owner increases the first period harvesting, decreases the second period harvesting and raises his/her coverage activities. Indeed, as the timber price in the first period increases, the forest owner raises his/her harvesting so as to have a more important return. This larger return obtained at the end of the first period allows the forest owner to reduce the second period harvesting while maintaining his/her second period consumption constant. As a result, the amenity services provide by the forest stock in the second period increase.

Changes in the second period timber price p 2 :

We find, without conditions, that in the case where the forest owner saves a part of his/her wealth, after an increase in p 2 , he/she reduces the first period harvesting. This result is true for the sylvicultural practices if the partial risk aversion coefficient with regard to c 2 is superior to 1. If this coefficient is inferior to one, then we have the inverse result: an increase in p 2 raises the first period harvesting.

After, we show that if the partial risk aversion coefficient with regard to c 2 is superior to 1, then after an increase in the second period timber price, the owner increases his/her second period harvesting for both savings and sylvicultural practices. If the coefficient is inferior to one, than we have ambiguous result for the savings while we obtain the inverse result for the sylvicultural practices (an increase in p 2 generates a reduction in x 2 ).

Finally, for the coverage variables, we show that after an increase in p 2 , the forest owner reduces the hedging activities if the partial risk aversion coefficient is inferior to 1 for the savings if this coefficient is superior to 1, then we have ambiguous result) and superior to 1 for the sylvicultural practices (if this coefficient is inferior to 1, then we have an inverse result).

The intuition suggests that dx 1 dp 2 < 0 and dx 2 dp 2 > 0 so that the partial risk aversion coefficient seems to be superior to 1. Indeed, the timber price increasing in the second period, the forest owner delays his/her harvesting in the first period so as to sell his/her wood with a higher price in the second period, explaining that the owner increases x 2 . This assumption also allows us to suggest that an increase in p 2 encourages the forest owner to raise his/her sylvicultural practices. Nevertheless, the fact to consider that the partial risk aversion coefficient is superior to 1 is a sure sign of ambiguity concerning the impact of an increase in p 2 on the savings decision.

The analysis of this comparative statics results allows us to see that for the effects of endowment variables, the main elements for the forest owner's decision are the amenities while these elements concern the consumption when we analysed the price variables. This analysis also proves that if savings and sylvicultural practices may be seen as perfectly substitutable for the forest owners, the results are often different between the two coverage instruments concerning the impact of some variables on the owner's behaviour. Finally, we can observe that the forest owner's behaviour toward the natural hazards management depends on variables like risk aversion. Even if there is some studies about the forest owner's risk preferences, such as [START_REF] Lönnstedt | Non-Industrial Private Forest Owner's Risk Preferences[END_REF] and [START_REF] Stenger | Risk and insurance in forests: an experimental study on non industrial private forest owners in France in risky and ambiguous contexts[END_REF] which show that the private forest owners are risk averse, none of these analysis allow us to conclude about the more likely situation.

Concluding Comments

In this article, we develop a dynamic theoretical model in order to analyse the forest owner's behaviour in a risky forest management. We compare two coverage activities that the forest owner can undertake to protect the forest against natural hazards, the savings and the sylvicultural practices. In this work, there is several contributions. Firstly, we extend the model of [START_REF] Koskela | Timber Supply, Amenity Values and Biological Risk[END_REF] by considering a standard dynamic approach of decision making and an expected utility context and by integrating the coverage against natural hazards. Secondly, our approach is original in the sense of it compares two coverage instruments, the savings which is a financial one and the sylvicultural practices which is a physical one.

Finally, we analyse the savings in a context where the financial tools are more and more considered in order to cover the important risk. In this framework, we show that, under some assumptions, accumulation of savings and sylvicultural practices may be seen as perfectly substitutable for the forest owners. We also show that this potential substitutability do not imply that the two hedging tools act in the same way on the forest owners behaviour and do not involve that the forest owners react to some given shocks in the economy by the same decisions. Finally, we show that the forest owner's behaviour toward natural disturbances management depends on numerous assumptions dealing with parameters like risk aversion.

Up to now, we do not have data about the forest owner's preferences and characteristics and consequently, it could be a necessary stage in order to have a better understanding of the natural hazards management in the forest sector. Another future research could take into account the possibility for the forest owners to observe the state of the system at the end of the first period and to use this information to define the optimal decision of the second period.

The sign of dx 1 dy depends on the sign of the following expression:

dx 1 dy = K(F J -GI) + L(BG -CF ) det(M )
Thus this expression can be rewritten as follows:
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This expression is positive by the first order conditions (3) but we must divided it by det(M) which is negative, so that dx 1 dy < 0. This result means that when the forest owner's initial wealth increases, he/she decreases his/her first period harvesting.

We reply this same procedure in order to obtain the static comparative results indicated in the other propositions. 
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k v E k v E k v k v γ δ - ≤ - ds/dy ≥ 0 )] ( ' [ )] ( ' ' [ ) ( ' ) ( ' ' 2 2 1 1 k v E k v E k v k v γ δ - ≥ - dq/dy ≥ 0 x 1 )] ( ' [ )] ( ' ' [ ) ( ' ) ( ' ' 2 2 1 1 k v E k v E k v k v γ δ - ≤ - dx 1 /dQ > 0 ² 2 p c ≥ dx 1 /dQ > x 2 )] ( ' [ )] ( ' ' [ ) ( ' ) ( ' ' 2 2 1 2 1 1 k v E k v E p p k v k v - ≤ - )] ( ' [ )] ( ' ' [ ) ( ' ) ( ' ' 2 2 1 2 1 1 k v E k v E p p k v k v - ≥ - dx 2 /dQ ≤ 0 dx 2 /dQ ≥ 0 None dx 2 /dQ > Q s or q )] ( ' [ )] ( ' ' [ ) ( ' ) ( ' ' 2 2 1 1 k v E k v E k v k v γ δ - ≥ - ds/dQ ≥ 0 )] ( ' [ )] ( ' ' [ ) ( ' ) ( ' ' 2 2 1 1 k v E k v E k v k v γ δ - ≥ - dq/dQ ≥

Table 1 :

 1 Comparative statics results for saving and sylvicultural practices

							SAVING		SYLVICULTURAL
																PRACTICES
	Variables Decision					Conditions					Results	Conditions	Results
	variables														
	x 1 x 2	'	'	(	) 1	None	[		'	'	(	2	)]	dx 1 /dy < 0	None	dx 1 /dy <
		'	(	) 1		[	'	(	2	)]	

The damages are very variable depending on the year. For example, in 1999, the damages are very important due to storms Anatol, Lothar and Martin.

[START_REF] Birch | Private forest-land owners of the northern United States[END_REF] found that for the private forest owners of Wisconsin, recreation and esthetics ranked higher than timber production as a reason for woodland ownership. At a national level,[START_REF] Butler | National woodland owner survey: 2004 preliminary results[END_REF] reported that less than 10% of family forest owners rank timber production as an important or very important reason for owning forest.

The first paper dealing with the amenities aspects is theHartman's article (1976) in a certainty context andEnglin et al. (1990) in a risky framework. They extend the Faustmann's rule by adding the amenities and the risk. They show that the forest owner is face to a tradeoff between the gain of not harvest and the loss of not harvest.

We assume implicitly that he/she is a nonindustrial owner, in the sense that his/her main earnings do not come from forest harvestings. This is consistent with, on the one hand, the assumption according to which he/she is risk averse with respect to natural disasters; on the other hand, the fact that he/she does not buy marketable insurance coverage. Empirical studies seem to suggest that in many european countries, the proceeds coming from private forests are marginal, such as private owners have no incentives to buy quite costly insurance contracts.

There is a current substantial interest in evaluating and valuing various services provided by different ecosystems. Some of these studies deal with the amenity services in the forest sector(Zandersen and Tol (2003)). There is several methods in order to estimate the value of amenities. For example, the travel cost method and the contingent valuation one are used to assess tourism and recreation services. For more details on the methods, see[START_REF] Barbier | Economic Valuation of Wetlands: a Guide for Policy Makers and Planners[END_REF] and for informations about categories of amenities, see[START_REF] Costanza | The value of the world's ecosystem services and natural capital[END_REF].

The assumptions made on u and v ensure us that the second order conditions are always satisfied.

For example, forest fire or windstorm.

For practical issues, γ is exogenously determined and depends on the considered specie of the stand

This last one is simply equal to the marginal rate of substitution between c 1 and k 1 .

Some other assumptions are necessary in order to obtain this result for the sylvicultural practices. These assumptions concern the marginal cost of the regeneration process: c ≤ 1 and c ≤ p 1 .

Appendix 1

The procedure being similar for all the parameters, rather than listing all the static comparative results, we explain the methodology by analyzing the sign of dx 1 dy in the saving context. Thus differentiating the first order conditions given by ( 2), ( 3) and ( 4) with respect to y respectively allows us to obtain the following system of equations:

that we can rewrite in a matrix form as follows:

with M corresponds to the " 3 x 3 " matrix, det (M) <0 and the components of the above matrix are the following:

with