Module 6
Economics of Forest Land Use
Module 6 covers forests, forest management and sustainable forestry. Efficient allocations of the forest resource are defined and examples of how economic incentives can be used to protect biodiversity are presented. Both single-use and multiple-use management are presented using a basic growth model. The calculation of optimal rotations is presented. Timber values as well as biodiversity values of the forest 
are highlighted. The problem of deforestation and potential solutions are also emphasized.

Objectives

After following this module, you should be able to understand/ familiarize:
· Concept of forests as capital assets. 
· Difference between harvest value and asset value.

· Biology of forest growth.

· Difference between the biological decision rule for forest management and the profit maximization rule.

· Calculation of the present value of net benefits from timber harvesting for the case of finite time horizon.

· Effect of the discount rate on the harvest decision.

· Infinite time horizon (multiple harvest) model.

· Sources of inefficiency in forest management.

· How policies have lead to inefficient management and over harvesting.

· Global externalities that encourage over harvesting.

· Economic strategies for dealing with global inefficiencies.

( Outline/Discussions
I. Characterizing Forest Harvesting Decisions

This section presents the economics of forest harvesting for timber. A simple biological model is presented and the optimal time for harvesting based on profit-maximization is overviewed. Both single-harvest and a more complicated multiple-harvest model are covered. Biological growth rates and the discount rate will help determine the optimal rotation time.

a. Timber is both an output and a capital good.

b. The harvest decision involves how much timber to harvest, how often to harvest it and whether to replant after harvesting.

c. Standing trees are a capital asset. Tree growth increases the harvestable volume and standing trees provide watershed protection and wildlife habitat.

d. Forest managers will decide between harvesting today and waiting to harvest. Unlike many other harvestable resources, harvest rotations are typically 25 years or more.

e. Tree growth is measured on a volume basis. Young trees will grow tall quickly, but volume growth is slow. Medium aged trees increase in volume quite rapidly while mature trees grow very slowly and eventually stop growing or reverse growth. Growth will also be affected by weather, soil fertility, disease, forest fires, etc.

f. The optimal time to harvest from a profit maximization perspective would be the age that maximizes the present value of net benefits from the wood.

g. The size of the net benefits depends on whether there is a single planting and harvest or whether the land is perpetually harvested. For simplicity we start by assuming a single harvest.

h. Benefits are measured using the potential volume of wood given the growth rate and the price of the lumber. The annual incremental growth represents the marginal growth.

i. Costs, in this example, are of two types—planting costs and harvesting costs. Planting costs are immediate and thus are not discounted while harvesting costs are discounted because they are paid in the future.

j. Net benefits are calculated by subtracting the present value of costs from the value of the timber at harvest age.

k. The discount rate will affect the harvest decision. Any positive discount rate will shorten the optimal rotation length. Thus, higher discount rates yield shorter optimal harvesting times. The relevant comparison is between additional tree growth from waiting one more year to harvest and returns on the revenue should the trees be harvested today when the timber revenues are invested at a rate of r. As long as the discount rate is positive, the trees should be harvested as soon as the growth rate slows to a point at which more can be earned elsewhere (than in the tree asset). A simple numerical example illustrates these points. 
l. Since planting costs are immediate and not discounted, the optimal harvest age is that age 
which maximizes the difference between the present value of timber and the present value of 
the planting cost.

m. Harvesting costs are discounted and are proportional to the amount of timber harvested.

n. The net benefit of a unit of wood harvested at any age is the price of the wood minus the marginal cost of that unit. These values are constants. As long as the marginal harvesting cost is less than the price, an increase in marginal harvest cost will not affect the optimal harvesting age.

o. A tax levied on each cubic foot of wood harvested would simply raise the marginal cost of harvesting by the amount of the tax. The tax would leave the optimal harvesting age unchanged.

p. High discount rates and high replanting costs could make replanting prohibitively expensive.

q. The infinite-planning model is different from the single-harvest model in that it recognizes the interdependencies between periods. Decisions to delay harvests impose costs on the next harvest period. For this case, the opportunity cost of delaying the next rotation must be outweighed by the gain in tree growth.

r. All else constant, the optimal rotation in the infinite-planning case is shorter than in the single-harvest case. The marginal cost of delay is higher since there is now an opportunity cost of starting the next cycle later. Thus, the optimal rotation is shorter.

s. If harvest costs or planting costs rise, the optimal rotation is lengthened. A per unit harvest tax would have the same effect.

t. Rising prices would also increase rotation time.

u. If the amenity value of standing trees is added to the infinite horizon model, the optimal rotation time would lengthen because the marginal benefit of delay would rise. Large enough amenity values would lead to leaving the forest as wilderness.

II. Sources of Inefficiency

This section illustrates how inefficiencies can lead to deforestation. Some inefficiencies are due to externalities. Others can be categorized as either perverse incentives for the landowner or perverse incentives for nations. Forestry provides numerous examples and situations where perverse incentives have produced inefficient and unsustainable outcomes.

a. Perverse incentives create inefficient and unsustainable outcomes especially with respect to privately owned forests.

b. The value of a standing forest as wildlife habitat or ecosystem function is an external cost. Failure to recognize social values will result in inefficiencies.

c. External costs of timber harvesting, such as loss of watershed protection or biodiversity, may not be adequately considered by the private landowner.

d. Government policies can also create perverse incentives. In Brazil, for example, the government reduced taxes on income from agriculture, thus making it more profitable for land conversion to take place. This policy and other inefficient policies, such as cattle subsidies were later abandoned.

e. Government resettlement programs have also encouraged deforestation by facilitating the movement of migrants into agriculture.

f. Concession agreements are another source of inefficiency. Concession agreements define the terms under which public forests can be harvested.

g. Deforestation involves transboundary or global externalities. Deforestation contributes to species loss and to global warming. Loss of biodiversity (and thus genetic material) and global warming have widespread effects, but harvesting decisions are made on an individual or local scale. The global social value of standing trees for species diversity and for carbon absorption will not be taken into account by a private landowner or a single country and will lead to overharvesting.

i. Biodiversity: deforestation is a major source of species loss. Many benefits of species preservation are external to the country with the forest.

ii. Climate change: deforestation contributes to climate change, but the benefits of leaving the trees standing are largely external. The costs, however, are largely internal.

h. Poverty and Debt

i. Unowned or publically owned forests are sometimes seen as a means of providing land to peasants.

ii. Poverty and deforestation can reinforce each other through positive feedback loops.

iii. At the national level, large debts in many developing countries encourage the overexploitation of resources (debt-resource hypothesis) in order to raise foreign exchange to finance the debt. The use of funds to service debt also eliminates the availability of these funds for poverty programs.

i. Sustainable Forestry

i. Profit-maximizing decisions may not be efficient due to externalities.

ii. Efficiency and sustainable forestry are not necessarily compatible.

iii. Practices aimed at sustainable forestry that is also economically sustainable had led to a focus on rapidly growing trees and plantation forestry.

iv. Plantation forestry is controversial because it typically involves a single species, resulting in many externalities including runoff contaminated with pesticides and reduced quality of wildlife habitat.

III. Public Policy

Public ownership of forest lands is examined in this section. A history of U.S. forest policy is presented. Economic strategies for forest preservation are also highlighted.

a. U.S. forest policy has been evolving since 1782, however, it has not reached the point where to yields efficient outcomes.

b. Public forest management has led to inefficient outcomes. Harvests from public forests are subsidized. Below-costs sales have not been justified. The benefits of the forests for wildlife, recreation and watershed protection have been undervalued or excluded.

c. Restoring efficient incentives could be achieved by:

i. Charging concessionaires the full cost of rights to the land including damages.

ii. The magnitude of land transferred to squatters should be controlled.

iii. The rights of indigenous people should be respected.

iv. Developing standards for sustainable forestry and ensuring compliance with those standards.

d. Economic strategies to deal with global inefficiencies include:

i. Debt-for-nature swaps

1. An agency, usually a non-governmental organization, purchases developing country debt, typically at a discount if repayment by the developing country is unlikely.

2. The non-governmental organization then “trades” (cancels) the debt back to the developing country in exchange for an environmental action such as the protection of a tropical forest.

ii. Extractive reserves are areas reserved for indigenous peoples to engage in traditional hunting and gathering activities.

iii. Conservation easements and land trusts provide a means for amenity values to be explicitly considered in forestry decisions

iv. The World Heritage Convention requires 1% of contributions to UNESCO to be put into a World Heritage Fund. The fund is used to protect cultural and natural environments of “outstanding universal value.” Approximately 178 countries have signed this agreement. Ratifying countries can have their natural properties of outstanding value added to the World Heritage List and apply for funds to help protect these sites.

v. Royalty payments grant payments to biologically rich countries for all products developed from species in those countries. These royalties are incentives for countries to preserve their biological diversity. Pharmaceutical companies have been making payments based on shared profits.

e. Tourist revenues are also a source of funds for the protection of biodiversity. Some countries charge a “conservation fee” to arriving foreign visitors

f. Carbon sequestration credits help to internalize the carbon absorption positive externality by giving forest owners credit for the additional carbon they remove from the atmosphere.

i. Economic and social development generally involves more consumption and open markets, both highly correlated with business development but also often associated with biodiversity loss and ecosystem decline.

ii. Good governance and clear property rights are essential for economic development, environmental protection and poverty reduction.

iii. There are potential synergies between business, conservation and poverty reduction, but these are not realized automatically

iv. Good economic activity for a company must also be good economy for the local community.






























































































