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INTRODUCTION 

"Nature's opinion of a vacuum is nothing more than a mild dislike 

compared to an ardent forester's abhorance of an idle acre!" teased 

Ralph Marquis (1947) some three decades ago in an address at the Society 

of American Foresters' annual meeting. While many forest management 

practices have received reasonably thorough economic examination, re-

generation remains an area where motherhood statements are more dominant 

than critical analysis. 

Forest regeneration may be the most challenging area of forest 

research. Even though all forest investments are subject to uncertain-

ties such as animal damage, fire, climatical, pathogenic or insect 

damage, their effect on regeneration is compounded because of the young, 

susceptible nature of the stand and the longer period that it will be 

subjected to these conditions. Regeneration is the basis of forest 

production which is, in itself, a major consideration. 

Even though professional foresters tend to be doers, a part of 

forestry research, like forest management, is thinking and planning. 

Both often are more difficult than doing, even though thinking and 

planning may appear to be less productive for one only observes their 

results later in the doing. The thinking and planning phase, however, 

is a prerequisite of effective operations. 

Project Justification 

In the absence of forest regeneration, there can be no forestry. 

Even though regeneration occurs by natural means, there is uncertainty 

about the desirability of the method. This point is forcefully 
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demonstrated by noting that in the United States, 2 million acres of 

forest land are annually regenerated by artificial means (McDonald 1977). 

In addition, other areas are prepared during or after logging to provide 

a good seed bed for natural seeding. 

Investment in reforestation, like investment in anything else, is 

not costless. Even when accounting methods try to disguise site 

preparation and the like as part of the logging costs, forest managers 

should see regeneration for what it is--an investment. It is a decision 

to sacrifice current cash flow and profits to obtain increased future 

values from the forest. The decision makers whose choices resulted in 

2 million acres of artificial reforestation were stating, in a practical 

way, their belief that this was the best use of resources under their 

control. This result was determined either through governmental regula-

tions such as the Oregon Forest Practices Act, or through private sector 

decisions as influenced by the market place. 

Study Objective 

The objective of this study is to provide a conceptual means for 

evaluation of regeneration investment opportunities and selection of 

regeneration research projects. By determining the sources of value 

resulting from these investment opportunities, a basis for determining 

investment strategies can be developed. Because adequate measures of 

ranking alternate reforestation opportunities are not readily available 

to many of those making such decisions, this paper attempts to provide 

a conceptual approach for evaluating alternatives. Its concepts can be 

adapted to the goals of individual firms. 



PROCEDURE AND METHODS 

Strategies 

The overall strategy of any timberland owner, will be to optimize 

land use in terms of meeting his goals. If the overall goal is maxi-

mization of profits or wealth, his goal in timber land management will 

be to manage the land and timber resources in a way consistent with 

increasing his overall profit structure. He will invest in reforesta-

tion to the point which reforestation is no longer his best investment 

opportunity. 

A strategy is a plan made with considerations of goals and the 

resources required to reach such goals (cf. Duerr 1974). In the economic 

framework of profit maximization, a decision such as how much to produce, 

will be simultaneously determined by the value of the output, and the 

cost of the inputs. In other words, goals or strategies cannot be set 

in absence of the means required to implement them. Constraints limit 

solutions. 

Each possible choice presents trade-offs as compared to other 

possible choices, for choices are mutually exclusive. In the context of 

regeneration, the decision to plant at an 8x81 spacing precludes the 

spacing of 12xl21 or any other interval. The closer spacing will cost 

more, and may require a future additional cost through the need for 

juvenile spacing. There is, however, less uncertainty of obtaining a 
I I 

fully stocked stand. The 12xl2 will be cheaper to plant and may not 

require juvenile thinning. Mortality, however, could cause holes in the 

resulting stand. The decision making process must weigh the trade-offs 
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of higher initial costs with the increased certainty of a fully stocked 

stand. 

The output--a decision--requires infonnation inputs on which to base 

it. A clear understanding of the concequences of alternate choices will 

allow the decision maker to choose the optimum alternative, consistent 

with meeting the firm's goals. Where there is uncertainty as to the 

outcome of alternatives, the decision making process is not as clear. 

Interviews conducted by Thomson (1977) indicate that many decision 

makers do not employ explicit strategies for choosing forestry invest-

ments. The purpose of strategies is to yield decisions which are con-

sistent with the goals of the firm. Those which are explicit, are 

subject to challenge so must be sound at any point in time, yet flexible 

as goals and conditions vary. Explicit strategies also clarify the 

decision making process, not only to the decision maker, but also to 

those affected by the outcome. The decision maker will realize that 

choices are made to meet goals of the firm. It is the desirability of 

the consequence which should determine the choice. 

The overall reasoning is that explicit strategies will increase 

the net return of decision making. In terms of forest regeneration, the 

strategy is to allow reforestation investments to either be done at the 

lowest cost for a given output, or allowing the cost to increase if the 

future stand value increase (discounted to the present) is greater than 

the cost increase. Regeneration research strategies would be to plan 

in such a way that the research undertaken is as fruitful as possible. 

Effective management of both operations and research will be facilitated 

through explicit effective strategies. Implementation of plans will be 
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after careful thought about those which are optimal to implement. 

Evaluation of results (control} will serve as feedback to both the 

strategy (plan} and its implementation. The system could then be re-

vised as needed. 

Three Approaches to Problem Solving 

Alston (1978} noted three fundamental methods of acquiring knowl-

edge. 

The !Priori Approach 

The a priori method utilizes predetermined assumptions on which to 

construct models of desired phenomena. This conceptual approach is 

corrmon to economists and other social scientists as well as pure 

scientists who explain happenings thorugh use of a priori assumptions. 

The Empirical Approach 

Those who solve problems through careful measurement and observa-

tion of the phenomena they wish to explain, are the empiricists. This 

approach is corrmon for applied scientists; hence, is the one most often 

utilized by foresters. 

The Historical Approach 

A third, perhaps less popular approach to problem solving, is through 

observing and studying the history of a problem. This is the usual 

method of discovery employed by historians and some other social 

scientists, 

Even though three approaches have been categorized, they are not 

limited to a given discipline or person. Many problems could be solved 

by either approach, however, one of the methods may prove to be more 

cost-effective as each approach would yield a different strategy for 
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research. 

For example, take the question of bare root versus containerized 

nursery stock. From an a priori approach a scientist could consider the 

expected effects of planting smaller seedlings with a less developed, but 

enveloped in soil, root structure versus the effect of planting a sub-

stantially larger seedling, with less roots that will be pushed into a 

single plane when planted. Based on this reasoning he would develop 

experiments to test his hypotheses. 

An empiricist, on the other hand, would set up a trial of the two 

types of stock, then take measurements of growth and survival. From 

analysis of his data he would show theories on the relative advantages 

or disadvantages of each method. 

A historical approach to this problem is difficult to state. It 

would include the study of all past information on container planting 

versus bare root planting success. It would be on this basis that he 

constructed theories of the optimum method. 

B_ Production Economic Theory Model 

A model is the process used to determine answers or predictions. 

Its purpose, is to categorize and abstract the vast infonnation available, 

into a framework which can be understood. Precision of a system, must be 

sacrificed for the simplicity to make it understandable. The following 

model of production is based on six a priori assumptions (cf. Henderson 

and Quandt 1971). 

1. Producers desire to maximize profits. 

2. Perfect mobility of resources between alternate uses. 

3. No price control by either buyers or sellers. 
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4, Perfect certainty, 

5. A positive interest rate is earned on all funds not used 

for current consumption. 

6. No unpriced side effects (positive or negative) in produc-

tion or consumption. 

The Production Function 

The production function (cf. Henderson and Quandt 1971, Gregory 

1972) is a technical relationship which describes how a firm's output 

will change as the quantities of inputs are varied. In implicit mathe-

matical form it may be written: 

0 = F(q11···qSL,X1o···Xn,L-l) 
where: qjt = the jth output available for sale at the end 

of the tth period 

j = 1 .•. s outputs 

t = 1 .•• L periods of production 

Xit = the ;th input which must be purchased at the 

end of the tth period 

i = 1 ••. n inputs 

t = O ..• L-1 L periods of production so last inputs 

are purchased at the end of the L-1 period 

A production function in terms of forest production could include 

inputs such as planning expertise, containerized seedlings, air, water, 

light, soil nutrients, slow release fertilizer pellets, animal damage 

control measures, planting labor and supervision. The output may be 

viewed as a juvenile stand available for further cultural treatments, 

or a mature stand ready for harvest. The definition separating, inputs 
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and outputs is somewhat arbitrary for an output at one year is an input 

for another, A 19 year old tree, for example, is the output from an 18 

year old tree, the input for a 20 year old tree. 

Profit Maximization 

For profit maximization, the cost of inputs and the revenue from 

outputs must be used in conjunction with the production function. A 

cost function, is the minimum cost at which any level of output can be 

produced. The revenue function is the amount of earnings derived from 

any given output. 

Profit is maximized when the difference between revenue and cost is 

at its greatest positive value. A Lagrangian expression can be used to 

determine this point as illustrated below (adapted from Henderson and 

Quandt 1971 and Jensen 1977): 
L S L-1 n 

Max TI= t~l j:l Pjt qjt (1+9t)_t t:o i:l rit Xit (1+9t)-t 

where: -gt = geometric mean interest rate (in decimals) for 

the t periods that have expired 

Pjt = price for output j in period t 

rit = cost of input i in period t 

A = undetennined Lagrangian multiplier (showing 

the marginal change in profits as the produc-

tion function is varied) 

L, S, n, t, i, j, q, x - as previously defined 
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First order conditions of profit maximization are determined by 

taking partial derivatives and setting them equal to zero. Second order 

conditions will be assumed to hold. 

With respect to outputs. The product-product relationships: 

t = 1. .. L 

j = 1. .. s 
choose: output c and d 

period t 1 and t 2 such that 

= 

marginal rate of 
product transfor-
mation {RPT) 

discounted 
price ratios 

The above relationship says that the marginal rate of product 

transfonnation {RPT) must equal the discounted price ratios. The marginal 

rate of product transformation is a physical relationship which describes 

the rate at which one output must be given up in order to produce another 

output. 

In tenns of forest production, one could envision the two outputs 

as thinning logs and final harvest logs. A final harvest log must be 

given up for each log that is thinned. Growth and yield studies could 

determine the marginal rates {current annual increment changes) of pro-

duction for alternate thinning intensities. For profits to be maximized, 

one would substitute the sale of thinning logs for the sale of final 
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harvest logs up until the point where the marginal rate of transfonnation 

of one for another (RPT) was equal to their discounted selling price 

ratios. (It is here assumed that the sales are on the stump for both 

thinning and final harvest). 

With respect to inputs. The factor-factor relationships: 

t = 0 .•• L-1 

i = 1. .. n 

choose: inputs g, h 

periods t 3, t 4 such that 

= 

' , 
marginal technical 
rate of substitu-
tion (RTS) 

oF/aXht4 rht4(l+gt4)-t4 
---=------0F/0Xgt3 rgt3(l+gt3)-t3 

discounted 
cost ratios 

For profit maximization, the relationship shows that the marginal 

rate of technical substitution (RTS) of one input for another, must 

equal their discounted cost ratio. (The marginal technical rate of sub-

stitution is the physical relationship which describes the rate at which 

one input must be substituted for another in order for output to remain 

constant). 

A forest production example would be the use of vexar tubing to 

prevent animal damage, versus interplanting with large size nursery stock 

where damage has occurred. Either method could yield an identical future 

stand (output). The marginal rate of technical substitution (RTS) is the 
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rate at which interplanting must be substituted for vexar tubing. One 

should fill plant rather than vexar tube, until the rate at which fill 

planting must be substituted for vexar tubing, is equal to their dis-

counted cost ratios. 

With respect to the production function. 

This condition constrains the solution to remaining on the pro-

duction function. In other words, the economic relationships described 

must be within the biological reality of forest production. 

With respect to inputs and outputs. The factor-product relationships: 

By simultaneously combining the first order conditions for factors and 

products one obtains: 

choose: output j input i 

period t,T such that 

discounted price 
of future output 

* = 

marginal product (MP) 
of Xi applied in 
period t to the pro-
duction of q, in 
period T. 

discounted 
cost of xi 

This profit maximizing relationship states that the discounted value 

of the marginal product (VMP) of an input must equal the discounted cost 

of employing it. The marginal product (MP) is the extra amount of output 

which results from employing more of an input. The value of the marginal 

product, therefore, is the price of the output multiplied by the additional 
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output (P *MP = VMP), 

A good example from forest production is the application of fertil-

izer to forest stands. The addition of the input (fertilizer) during 

period t, will cause an increase in the growth so that at the time of 

harvest (period T) there will be an increased output (marginal product). 

The decision of how much fertilizer to apply can be made by studying 

the growth response to fertilization at various ages. Combining the 

physical growth response with the price relationship for future output 

will yield a VMP curve for increasing fertilizer dosages. One would 

increase the dosage of fertilizer applied until the discounted VMP was 

equal to discounted cost of applying additional fertilizer. 

Net Present Value Analysis 

The economic_ relationships derived from the profit maximizing pro-

duction theory model are the basis for net present value (NPV) analysis. 

When the three sets of first order conditions hold simultaneously, the 

net present value of an acre of forest land is maximized. The relation-

ships were derived to illustrate how changes in inputs and outputs will 

effect the economic optimum. It is only with explicit consideration of 

factor or product substitutability that the forest land manager will be 

able to maximize NPV. 

Net present value analysis is often the most useful method for 

analyzing silvicultural treatment alternatives for the physical produc-

tion relationships are not well enough known to be described as a con-

tinuous differentiable function, a necessary condition for determining 

first order conditions. In addition, NPV analysis is useful for per-

forming sensitivity analyses for one may experiment with a range of 
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values; not only for the growth relationships, but also with respect to 

factor costs and product prices. The consequences of errors in the 

estimates used will be determined by the variation in NPV, 

Net present value analysis illustrates why planting may be the most 

economical method of reforestation even when natural regeneration is an 

almost certainty. The additional input of planting will increase the 

NPV, if the planting cost is less than the discounted value of the marginal 

product. The increased future stand value (VMP) is the result of the 

shorter rotation and more desirable stand characteristics induced through 

planting. 

Regeneration Strategies 

In the context of production economic theory, regeneration strategies 

are simply adherence to the derived relationship. The optimal strategy 

is to produce on the production function at the point where the dis-

counted value of the marginal product is equal to the marginal cost of 

the last unit of input applied. Because of the assumption of perfect 

certainty, there is assumed to be no barrier to achieving these results. 

Given the assumption of perfect knowledge, regeneration research 

strategies are difficult to define. They might be defined as strategies 

aimed at increasing the production function. (An increase in the pro-

duction function means increasing the output for any given amount of 

input). Should new technologies be developed, however, they would be 

adopted by all firms, forcing the profit potential to return to its 

original level. Even though research would have a value to society 

through decreased future timber prices, no firm would capture this 

benefit. Society should invest in regeneration research until the 
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discounted value of the marginal product of increased future wood 

supplies was equal to the marginal cost of such research. Because the 

value of research to an individual firm would be almost zero (there may 

be some short term profit increases), we would not expect firms to employ 

a research team. 

The future, however, is uncertain. Although the production theory 

model is useful for determining optimal relationships, its application 

is limited by the assumptions on which it rests. Although one can make 

accurate predictions of the near future, as the length of time increases, 

predictions become progressively less certain. 

A production function is a prediction of the future output for each 

amount of input. The knowledge of the production function was assumed 

a priori. In many production processes, this may be a valid assumption. 

For forest regeneration, it is not. By observation of tree growth, 

some band of confidence may be placed on the production process. Even 

though some limits may be established through this method, the more 

intricate relationships between inputs and outputs are not known. In 

addition, there is no certainty of the values which alternate stand 

structures will possess; therefore, one cannot state with certainty, 

the VMP of altering the application of inputs. The relationships 

derived through the use of the economic production model, however, must 

hold even in the absence of perfect information, for profit to be maxi-

mized. The purpose of research, therefore, can be defined as learning 

how to achieve the desired economic objectives. 

Regeneration research strategies can now be defined as increasing 

the knowledge associated with the production function. Integral with 
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detennining the physical (biological) relationships, is the determina-
tion of the cost of inputs and the revenues from output. The economic 

analysis should also include the limitat1ons posed by the lack of 

mob1lity of resources, and effects of any price control. From combining 

the financial infonnation with the production function, one can determine 

the optimum point of production. 

Another value of research may be to increase the production function 

through discovery of new technologies of production. If the economic 

model is applicable, however, the value of such discovery will be small 

as other firms will adopt it, resulting in a price adjustment so that 

profits are reduced to their original level. Only if the firm can pro-

tect the new technology from application by others, will it yield in-

creased profits. 

An Uncertainty Scale 

It has been concluded that perfect certainty does not exist. The 

opposite statement may also be true, that is, perfect uncertainty does 

not exist. In between these two extremes there is the range of risk and 

uncertainty. This continuum is illustrated schematically in Fig. 1 

(Bentley 1978). 

Perfect certainty is when all consequences of a decision are fully 

understood. Because decisions are concerned with future events, and the 

future is uncertain, it follows that perfect certainty is impossible to 

attain (Fight and Bell 1977). For decisions concerning the very near 

future, there may be little uncertainty; hence, a perfect certainty model 

would be valid. For forest production, the certainty model must be 

abandoned because of the long period of production. 



perfect 
certainty 

16 

risk and uncertainty 

Fig. 1. An uncertainty continuum. 

perfect 
uncertainty 
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The range of the continuum is labelled risk and uncertainty. Risk 

is usually defined as uncertainty where objective measures can be used 

to describe the likelihood of various outcomes occurring. The measures 

used are those common to actuarial statistics. Because the determination 

of objective risk distributions is based by and large on past data, one 

must subjectively predict that the future will mimic the past. 

Statistical modeling of forest growth serves well as an example. 

Stand growth models constructed from past growth and yield measurements, 

may predict the yield of a forest in terms of a probability density 

function. Even though the growth of any given tree cannot be accurately 

predicted, the growth of an acre of trees may be. Production economic 

theory could be applied using probability density functions in place of 

absolute measures. 

The realm where various outcomes of a decision can be hypothesized, 

but objective measures are not available, is termed uncertainty, If a 

decision maker feels some subjective probabilities or a range describing 

the limits of the outcomes, a stochastic (Monte Carlo) simulation model 

may be applied to gain more quantitative insights of alternative strate-

gies. Sensitivity analysis should be applied to the stochastic model to 

determine the effects of variation in the decision makers estimates. 

It should be noted that although uncertainty will often be present, 

it need not always be. This is the case where a phenomenon can be 

measured objectively, but never has been. Before growth and yield studies 

had been performed foresters were uncertain towards decisions concerning 

growth rates. Through research, however, such decisions are now in-

creasingly being made on a risk basis. 
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At the other end of the spectrum is another extreme which may also 

be impossible to attain, Perfect uncertainty, as it is called in this 

paper, may be approached in the very long run, much like perfect 

certainty may in the very short run. A perfectly uncertain outcome is 

one that currently cannot be hypothesized as occurring, 

Perfect uncertainty is the most evasive to deal with. Take, for 

exalJl)le, the situation of society becoming tree worshippers. Even with 

this known outcome, one cannot evaluate the worth of regeneration. Re-

generation's worth would increase if the future society was willing to 

pay large sums to conmune with the trees on corporate timberland. On the 

other hand, it may result in laws which ban forest harvesting on all lands 

with little value recaptured through worship fees. It might, however, 

result in a future value identical to that projected today. In this case 

perfect uncertainty would not affect the optimum application of inputs. 

There is no way to deal with perfect uncertainty because it is a 

complete unknown. One can avoid the problem by investing only in short 

term projects. The presence of perfect uncertainty, however, does not 

imply long tenn investments are substandard for there is a chance of 

windfall gains as well as windfall losses. 

The Influence of Uncertainty on Decision Making 

Two primary effects are apparent when uncertainty is added to the 

model. The first is that the expected outcome may not occur. The second, 

a hypothesis that people are risk averse. They prefer investments they 

perceive as certain to those which they perceive to be uncertain (Francis 

1976). Perfectly certain investments do not exist for even bank accounts, 

cash and Treasury Bills are subject to uncertainty in the economy. Due 
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to their minimum risk characteristics 1 however, they may be perceived as 

risk free. 

Methods of Coping With Non-Perfect Information 

Ignore Risk 

For relatively unimportant decisions, risk is usually ignored. 

Another situation for which uncertainty need not be considered is for 

decisions concerning the immediate future because certainty may almost 

be achieved. 

A more useful method for ignoring uncertainty is through the use of 

expected values (Christiansen 1974). The expected value is the value 

which a large number of similar decisions would yield. Statistically 

speaking it is the mean. Although the attainment of the expected value 

may be impossible for a single replication, it is the average outcome 

for many replications; therefore, it is a useful technique wherever many 

similar decisions are made for the gainers will compensate the losers. 

Even where a large number of dissimilar decisions are made, expected 

value is a useful technique for the mean of all the outcomes should 

equal the mean of the expected values. 

The expected value technique is based on the notion that an invest-

ment is not bad because it is risky; there is the chance of a large gain, 

as well as that of a loss. Where a single critical decision is at hand, 

however, the risk of a poor outcome may be so deleterious to the firm 

that the expected value method is not valid as a decision making tool. 

Adjust for ~ 

If the marginal utility of wealth is a decreasing function, there 

will be risk aversion (Von Neuman and Moryanstern 1953), The expected 
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value criterion, therefore, is a sub-optimizing technique from an economic 

point of view, even if it is optimal from a financial point of view. One 

technique for dealing with risk aversion is to adjust the net present 

value (NPV) estimates accordingly. The two most cormnon adjusting tech-

niques are risk-adjusted discount rates (RAOR) and certainty equivalents 

(CE). 

Risk-adjusted discount rates. Risk-adjusted discount rates are, as their 

name implies, adjusting for risk by varying the discount rate used in 

project evaluation (Robichek and Meyers 1966). This can be accomplished 

by either using a higher discount rate for more risky projects, or in-

creasing the discount rate through time to reflect the uncertainty of 

the future. By discounting uncertain returns at a higher rate, a premium 

is being paid for bearing risk. Because compound interest increases 

exponentially one is implicityly stating that risk premiums should in-

crease exponentially with respect to the more distant future. 

Empirical evidence presented by Ibbotson and Sinquefield (1977) in-

dicated that the real rate of return of United States Treasury Bills, the 

classic risk free investment, is zero. Treasury Bills have only been a 

hedge for inflation. If the reward for holding a risk free asset is zero, 

then the return accruing to investments is a reward for bearing risk 

rather than a reward for delaying consumption. The RAOR technique of 

risk adjustment, therefore, is conceptually sound. Weston and Brigham 

(1975) note that this is the most conman method of considering risk in 

the financial world. 

Certainty equivalents. A certainty equivalent is the guaranteed amount a 

decision maker would readily accept in palce of the uncertain future 
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value which will actually accrue (Chen 1967). To calculate a certainty 

equivalent adjusted net present value, one places the CE amounts in place 

of the uncertain cash flow and then discounts these amounts at the risk 

free rate of return. If the risk free rate of return is zero, as indi-

cated previously, then the sum of the certainty equivalent values will 

just have to balance the original investment outlay. 

In theory, either method of adjusting for risk should yield the 

same adjusted NPV. An implied risk-adjusted discount rate can be com-

puted by determiningthediscount rate which gives the same adjusted NPV as 

that determined by the certainty equivalents approach. 

Measure Risk 

A third, increasingly popular method to consider risk, is to measure 

it. Risk is measured using mathematical statistics such as variance and 

covariance, or by other measurements describing the probability density 

functions {pdf). 

Risk, as defined in this paper, is measured by objective statistical 

models, and mathematical manipulations. Uncertainty can be measured by 

stochastic simulations (Hertz 1964) coupled with sensitivity analyses. 

The sensitivity analysis will show the value of moving a phenomena from 

the uncertainty phase into the risk phase if the phenomena under consid-

eration can be objectively measured. 

Risk Reduction Through Efficient Investing 

From risk measurement techniques, each investment may be ranked 

according to its risk-return characteristics. Investments with low rates 

of return for their given risk, or high risk for a given rate of return, 

can be eliminated. This is presented graphically in Fig. 2. Investments 
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Fig. 2. Investment opportunities in risk-return space. 
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E, F and G can be eliminated due to their undesirable risk-return 

characteristics. The remaining investments, however, can all be consid-

ered efficient; therefore, additional decision criteria are required for 

optimal investment strategies. 

Markowitz Efficient Portfolio Diversification 

Markowitz (1959) demonstrated a statistical method of reducing risk 

for any given level of return. To achieve this efficient portfolio 

diversification there cannot be perfect correlation between investments. 

Because of the dynamics of the biological and financial nature of forest 

investments, perfect correlation between investments will not exist. 

The efficiency frontier is determined by minimizing the total 

variance of the portfolio for each rate of return. It is calculated with 

variance-covariance measures between each investment opportunity. Classi-

cal optimization (the calculus of minimization subject to constraints) 

develops a relationship showing the proportion of each investment 

opportunity that should be utilized to yield minimum risk for any 

attainable rate of return. 

Through Markowitz diversification, investments such as E, F, or G 

(as alluded to previously) may be included in the efficient portfolio mix 

if they have a low (or negative) correlation to other investments. Their 

low correlation will serve to reduce the risk of the total investment 

portfolio. The efficiency frontier, therefore, consists of combinations 

of investments except for the highest return possible which will be a 

single investment (Fig. 3). Markowitz diversification is the only 

efficient risk-return trade-off. 
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Fig. 3. The Markowitz efficiency frontier (cf. Francis 1976). 
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Utility Theory of Risk and Return 

A usual assumption on which economic theory builds, is that people 

are utility maximizers. Decisions which they must make, therefore, should 

be in accordance with this principle. 

Economic thought in the past concludes that maximizing the expected 

monetary value of a decision, would maximize the decision makers utility. 

This conclusion is only correct for individuals with a constant marginal 

utility of wealth. It is more common, however, that the marginal utility 

of wealth falls as income increases (Swalm 1966). Risk aversion results 

for the utility received from an expected sum subject to risk, will be 

less than the utility of an equivalent certain sum (Friedman and Savage 

1948). If the marginal utility of wealth is an increasing function, 

the converse, that of risk loving, will result. 

A typical utility map for a risk averse individual is presented in 

Fig. 4 (Francis 1976). Each utility curve represents a trade-off of 

equal utility. Utility is increased as one moves in the northwest direc-

tion. 

Each decision maker will have his own risk-return preferences which 

will not necessarily reflect those of the firm for which he is making 

decisions. It appears, however, to be unusual for firms to have a stated 

risk-return function. Firms express their trade-offs to some degree by 

using certainty equivalents or risk-adjusted discount rates in their 

investment analysis. Through employing such techniques, the firm 

illustrates that a risk-return preference function does exist. The more 

conceptual framework presented here, although not used explicitly in 

practice, serves to illustrate the implicit decision making process. It 
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Fig. 4. A risk-return utility map for a risk averse 
individual (cf. Francis 1976). 
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is useful for discussing the value of forestry research. In addition, 

the explicit use of such a framework would aid in more consistent risk-

return choices within a firm. 

Optimal Investment Strategy 

By combining the risk-return utility theory, with the risk-return 

efficient portfolio frontier, one can maximize utility subject to the 

efficiency frontier. Because this strategy maximizes the utility of 

investment, it is considered optimal. 

From Fig. 5, one can determine the optimal investment selection. 

It is that combination of investments which is represented by I* on the 

efficiency frontier. Through selection of this portfolio, one will earn 

an R* level of return while being subject to a cr* level of risk. 
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Fig. 5. Optimal investment strategy. 

l 
Key to symbols used in Fig. 5--10: 

subscript 

EF = efficiency frontier(cf. Markowitz 1959) 
U =utility curve (cf. Friedman and Savage 1948) 
R = level of return 
a = level of risk 

a = after the change induced through research 
{bold lines) 

b = before the change induced through research 



RESULTS 

A Further Examination of Regeneration Strategies 

Strategies are explicit plans, conceived to insure implementation 

of the best opportunities, and the control or monitoring of results. 

Through the previous model's explicit account of risk and uncertainty, 

optimal regeneration strategies are those which result in implementing 

the reforestation activities which maximize the investment utility of 

the firm, subject to being on the efficient opportunity frontier. The 

investment opportunities must be combined in such a way that risk is 

minimized for any level of return. Choices made are consistent with 

the risk-return preferences for the firm. 

The scope of forest regeneration research strategies can now be 

expanded. The previously defined purpose remains--increasing the 

knowledge of forest production. Through graphical analysis, several 

specific points are easily illustrated. 

Increasing the Production Function 

There will usually, though not always, be a value induced through 

increasing the production function, that is, increasing the output for 

any level of input. This is illustrated by the possible attainment of 

levels of return which on the past efficiency frontier were unattainable. 

Increasing the returns. Through increasing the production function, one 

will usually expect an increase in returns from investments. In forest 

production, tissue culture propagates used as a seedling substitute 

would be a way to increase the production function. This could result 

in increased returns to the firm (Fig. 6). As well as increasing the 

29 
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Fig. 6. Increasing returns through increasing the production 

function. 
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return to forest investment, it will usually change the amount of risk 

the firm bears with respect to reforestation investments. Depending on 

how the new efficiency frontier and utility curves are shaped, the level 

of risk may increase (Fig. 6a), decrease (Fig. 6b) or remain the same. 

No increase in returns. Even if the production function is increased, it 

may not increase the returns to a firm; in fact it could even cause them 

to decrease. Fig. 7 illustrates a case where the returns stay the same 

after an increase in the production function. There is still a value to 

increasing the production function, however, because the utility of the 

decision maker has increased. It is increased because there is less 

risk for any given rate of return. The value of increasing the produc-

tion function; therefore, is a lower level of risk for any level of return. 

New production function not acceptable. Through research, it would be 

possible to conceive of the discovery of a new technology of production 

which was subject to a high level of risk. This could be the case with 

the development of tissue culture propagated seedlings for plantation 

establishment. Even though the growth potential may be good, the risk 

of large scale damage or failure may be high. For this reason, the new 

production technology may not be acceptable to the firm (Fig. 8). The 

utility of the decision maker will fall for either the risk will increase, 

the return decrease, or both. 

Decreasing the Risk Associated With the Current Production Function 

Another value of research that can be illustrated by this model is 

that of reducing the risk of any given project. Even though the expec-

ted rate of return will not vary because the production function is 

unchanged, the risk associated with a given return can be reduced so 
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Fig. 7. Utility increase resulting from an increased produc-
tion function with rate of return unchanged. 
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Fig. 8. An unacceptable increase in the production function. 
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that projects which promise a greater rate of return may be chosen. 

Increasing the returns. One of the results of reducing the risk asso-

ciated with the current production function, is that the risk-return 

preference of the firm will allow the choice of higher return investments 

which in the past were considered too risky (Fig. 9}. The risk the finn 

will be subject to may increase (Fig. 9a} due to the opportunity for 

earning an increased return. It may, however, be subject to a lesser 

(Fig. 9b} or equal level of risk after the risk reducing research has 

occurred. 

No increase in returns. Risk reduction research will always have a value 

to a risk averse finn. Research aimed at risk reduction, however, may 

not increase its financial returns; it could even lessen them. The value 

of this research is difficult to measure for a financial value is not 

observed. The value of the research is in increasing the utility of the 

decision maker with respect to this choices (Fig. 10}. It may be that 

this value is instrumental in influencing the high level decision maker's 

choice to employ a forestry research staff. 

Value of measuring risk. Risk aversion, is aversion to the perceived, 

rather than the actual risk. The purpose of measuring risk is to cause 

the perceived risk and measured risk to coincide. A further value re-

sulting from research, therefore, is measuring risk to detennine any 

discrepancies between perceived and actual risk. Where a high perceived 

risk caused high return low actual risk projects to be abandoned, the 

risk measuring would reduce perceived risk and allow selection of such 

investments. Where perceived risk was low and actual risk high, the 

risk measurement would detennine the actual risk, allowing consistent 
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Fig. 9. Increased return after risk reduction research. 
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Fig. 10. Utility increase solely attributable to risk 
reduction. 
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choices through an accurate risk return ranking of projects. Through risk 

measurement, some relationships currently in the uncertainty realm may be 

reduced to the realm of risk. A purpose of forestry research, therefore, 

can be viewed in context of Fig. 1. It is to move current investment 

opportunities leftwards on the uncertainty scale (Fig. 11). This can be 

accomplished by measuring risk where a high perceived risk will be lowered 

through measurement, or by reducing the actual risk of investments through 

researching their outcomes. 

Practical Application 

Even though the purpose of this paper is to provide a conceptual 

framework for evaluating regeneration strategies, a brief discussion on 

how the concepts may be applied is deemed appropriate. The application 

of three major ideas in this paper is addressed. 

Production Economic Theory 

As alluded to in the net present value analysis discussion, the 

most practical method for applying production economic theory to forest 

management is through NPV analysis. Studies by Teeguarden (1969a, 1969b), 

Buongiorno and Teeguarden (1973) and Smith (1976) are several good 

examples of NPV analysis aplied to forest regeneration. 

Risk-Return Investment Ranking 

Risk-return ranking of forest investment opportunities is not an 

established technique in forestry circles. For securities analysis, 

measurement of risk, and development of Markowitz efficient frontiers 

are conmon practices (Francis 1976). There are few obstacles to per-

forming securities analysis because of the readily available quantity of 

historical data on price fluctations. Forest investments, however, 
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rarely change hands, and there is often no public record of prices in-

volved when such transactions do occur; therefore, there is no available 

data for similar risk-return analysis. 

For investments in forest management, different techniques are re-

quired for detennining its risk-return investment characteristics. Due 

to the long period of forest production, simulation modeling is proposed. 

Hertz (1964) demonstrated the value of simulating business investment 

proposals. His approach of assigning a stochastic process generator to 

each variable of concern, could be applied in forest management. 

Perhaps the first variable of concern would be seedling establish-

ment. Weather and animal problems would most heavily contribute to the 

outcome assigned to this variable Next, a probability density function 

(pdf) to allow for damages incurred by fire and pests should be used. 

A random process generator describing the stand yield, would follow. 

The final stochastic variable of concern would be the net stumpage 

price received for the stand. 

Wherever possible, objective measures of variation should be used 

for constructing the probability density functions. Where objective 

measures are not available, subjective estimates will serve as surrogates. 

The simulation model can then be run through sufficient iterations to 

provide a simulated pdf for the investment opportunity. Various invest-

ment opportunities such as natural regeneration, bareroot seedling 

plantations, containerized seedling plantations, use of protection from 

animal damage, and various spacing intensities could then have their 

risk-return characteristics quantitatively compared. 
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Wherever subjective measures are used, sensitivity analysis should 

be perfonned by changing the random process generator used for describing 

the variable. By showing the sensitivity of a solution to the estimates 

used, the sensitivity analysis will aid in illustrating both the value 

of having objective estimates and the value of reducing the variability. 

If such values are deemed great enough, research effort should be aimed 

at measuring and reducing the variability of the investment under con-

sideration. 

To progress from a risk-return ranking of individual silvicultural 

investments, to the development of a Markowitz efficiency frontier, re-

quires measures of covariability between investments. Covariance mea-

sures would also have to be simulated. To do so, one must determine 

the variables which are (statistically) dependent, and construct a 

covariance simulation model accordingly. With the simulated covariance 

measures, the Markowitz frontier could be developed by the usual pro-

cedures. 

Risk-Return Utility Analysis 

To complement efficient investments analysis, Swalm (1966) showed 

how risk-return utility curves can be derived through an interview 

technique. He also illustrated the problem that managers within a finn 

often have quite dissimilar risk-return preferences. To overcome this 

problem, a finn's management would have to work together to derive a 

risk-return utility map for its forest investment opportunities. 



SUMMARY AND CONCLUSIONS 

Regeneration Strategies 

The optimal relationships described by the production economic 

theory discussion are the desired results of regeneration decisions. 

The strategy, therefore, is to implement operational reforestation 

practices in such a way that they are on the production function and the 

discounted value of themarg1nal product for any input, is equal to its 

marginal cost. To achieve these results requires perfect certainty, 

a fictitious situation occurring only in the minds of economists. The 

relationship described, however, is the optimum situation that regenera-

tion strategies will assist in pursuing. Regeneration strategies, or 

planning, is an input into the management of reforestation opportunities 

so that reforestation can contribute a maximum to the corporate goals. 

These results will be constrained by economic realities and government 

policies. 

Another effect of regeneration strategies is to force the decision 

maker to consider the outcome of his choices. Planning is done to ensure 

that the outcome of a choice will be consistent with the goals of a firm. 

Because firms employ a risk-return trade-off in investment choices, this 

framework should be applied to reforestation decisions. 

Poor reforestation is subject to a high degree of risk for it leaves 

too few future options. Site rehabilitation may become prohibitively 

expensive while taxes and administrative costs continue. To escape 

this potential negative land value, prompt effective artificial refor-

estation can be performed. Net present value analysis may show planting 

41 



42 

to be the financially superior regeneration method. Where natural 

regeneration is deemed to yieldahigher rate of return, but is subject 

to greater risks, planting may still be the most consistent choice for 

it will reduce the risk of reforestation. 

Conceptually this risk-return trade-off can be illustrated by choice 

of the number of seedlings per acre to be planted. Ideally, only the 

genetically and morphologically best seedlings should be planted, in the 

number required to yield the maximum NPV for the acre. Due to the un-

certainty of which seedlings are genetically and morphologically best, 

and the uncertainty of mortality, it is common to plant an increased 

number of seedlings. By planting extra seedlings, the reforestation 

forester is buying increased certainty, that is, an increased likelihood 

of a fully stock stand. He also has the option to utilize juvenile 

spacing to select the genetically and morphologically superior trees to 

remain asthecrop trees. The price of the increased certainty is the 

cost of planting extra seedlings, plus the discounted cost of juvenile 

spacing, minus the discounted value difference between the two stands. 

As research learns more about the production function, the uncertainty 

of planting fewer seedlings will be reduced; therefore, the return to 

reforestation will increase as there will be no need to purchase certainty 

as described. While there is high uncertainty, logical regeneration 

strategies will recognize the risk-return trade-off in reforestation 

and make choices consistent with this framework. 

Regeneration Research Strategies 

Regeneration research strategies are analogous to regeneration 

strategies. They are planswhichare used to ensure the implementation 
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of optimum research studies. Research studies are investments; therefore, 

the value of the marginal product must equal the marginal cost of the 

research for the economic optimum to be achieved. To achieve the 

economic optimum, the cost of gaining additional knowledge must be a 

minimum. 

To minimize the cost of research, one should use historical and 

a priori reasoning to conceptually begin the problem solving. The study 

of historical data will largely define the ecological limits of potential 

interactions. A priori reasoning should be applied to account for 

ecological changes induced through large clearcuts, fire and pest control, 

species selection, shorter rotations, and more intensive stand manage-

ment. The range of outcomes predicted by a priori and historical 

reasoning could be incorporated into a stochastic simulation (or 

deterministic statistical) model. The potential worth of the project 

could be evaluated so that only the most worthwhile projects would be 

undertaken. 

As well as aiding in project selection, the conceptual approach to 

problem solving will aid in the determination of the data required to 

produce the required information. Data collection and analysis would 

be performed at least cost for unnecessary data will not be collected 

and processed. Through adding empirical analysis to a priori and his-

torical information, the research will be tempered by all three approaches 

to problem solving. The least cost criterion will result from effective 

planning before project implementation. 

Minimizing the cost of a given research project is valuable only if 

the project itself is valuable. Because of the lack of perfect certainty, 
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regeneration research has value whenever knowledge of a current unknown 

has value. Regeneration research strategies include the selecting of 

valuable projects for study. Three sources of value accruing to research 

were noted in this paper. 

Value Through Increasing the Production Function 

The value usually attributed to forest research results from in-

creasing the production function, that is, increasing the output for a 

given amount of input. This result holds for forest regeneration; there 

is a value of increased output. The value that a particular finn derives 

from basic research, however, will be near zero unless it is able to 

keep the new technology confidential. If the technology becomes avail-

able to all finns, the value of the research accrues to society as a whole 

through lower future wood products' prices. 

Value of Defining the Production Function 

Through a production economic theory model, the optimum economic 

relationships were derived. To attain these results, perfect certainty 

must be present. Another purpose of regeneration research; therefore 

is to learn about the production function, the costs of inputs, the 

revenue from outputs, and the constraints introduced through non-

mobility of resources of effects of any price control. Through increased 

knowledge of these phenomena, the economic optimum combinations of inputs 

into regeneration will be more closely approached. 

Value of Reducing the Risk Associated With the Production Function 

A third source of value from forest research, is that of reducing 

the uncertainty associated with stand management practices. Because 

there is a risk-return function employed by decision makers, worthy 
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regeneration investments will be abandoned if there is a perceived high 

risk associated with them. A value of research is to measure risk so 

that the actual and perceived risk will be equal. The decision makers 

choices can then be consistent with the firm's risk-return trade-off 

preference. 

In addition to risk measurement, there is the value of reducing the 

actual risk. Due to a lack of expertise with some practices, the actual 

risks are high. Through research, the level of expertise may be increased, 

resulting in reduced risk. The firm would then be able to employ higher 

return projects because their risk would be reduced to an acceptable 

level. 

The value of reducing risk is subtle, for it is not only financial. 

The financial value of risk reduction is evident when financially de-

sirable projects which were in the past considered too risky, are after 

research, considered desirable. The other value of risk reduction is 

an increase in the utility the decision maker receives from his choice. 

This value is not only due to the financial gains for it will be present 

where risk reduction without financial gains is the only result of re-

search. The value of this increased utility is difficult to measure. 

It is hypothesized, however, that this is a primary value influencing 

the decision to employ a forest research staff. 

In summary, regeneration research strategies are plans employed to 

yield effective implementation and control of regeneration research 

projects. In this way, the goals of the firm can be most closely 

achieved. 
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ECONOMIC STRATEGIES FOR FOREST REGENERATION 

by 

Thomas Alfred Thomson 

(ABSTRACT) 

This study derives a theoretical basis for planning forest regenera-

tion operations and forest regeneration research projects. The purpose 

of such planning, is to facilitate effective implementation and monitor-

ing of projects so that the forest investment goals of the finn may most 

easily be met. 

After discussing three approaches to problem solving, a production 

economictheorymodel is developed to derive the optimum production re-

lationships. Regeneration strategies are defined as plans aimed at 

achieving these optimum results. A concept of regeneration research 

strategies is limited by the perfect certainty assumption of the model. 

Due to the uncertain nature of future events and the long period of 

forest production, the perfect certainty restriction is abandoned. 

Several methods for dealing with risk are discussed, including expected 

value, risk-adjusted discount rates, certainty equivalents, and risk 

measurement. A Markowitz efficient risk-return investment frontier is 

illustrated. Optimal investment strategies are those which maximize the 

firms risk-return utility preference subject to the efficient invest-

ments frontier. 

The scope of regeneration and regeneration research strategies is 

expanded and illustrated through use of the risk-return model. 



Regeneration strategies are plans aimed at making the highest return from 

forest production subject to the firms risk-return preferences. Regenera-

tion research strategies are employed to select the optimum methods of 

research and optimum project selection. Regeneration research should be 

aimed at increasing the forest production function, learning more about 

the production relationships, and reducing the risks of production. 
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