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Abstract. --Discounted net worth and internal rate of cettlrn

were used as measures of economic efficiency of two black walnut

plantation management alternatives: i) emphasizes nut production

by pruning to 9 feet of clear bole and 2) emphasizes timbec pro-

duction by pruning to 17 feet of clear bole, grown under intensive

forest culture. Volume growth and nut yield were simulated for up

to 80 years of age. Market prices for timber and nuts were aver-

aged over the four-year period from 1974 to 1978. Given a 6.75

percent annual compound interest rate, alternative 1 was superior

to alternative 2 as judged by discounted present net worth. How-

ever, if the annual compound interest rate is less than 5 percent,

pruning to 17 feet of clear bole is more profitable. When the

internal rate of return is used as a criterion, alternative one

should be chosen for rotation ages longer than 40 years.
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INTRODUCTION

Black walnut is one of the most valuable central hardwood species.

Desirable timber characterestics include a rich brown heartwood, good shock

resistance, stability in drying, adaptability to milling and tool working

because of its straight grain and hardness. These properties make it desira-

ble for furniture, gunstock and interior paneling. Furthermore, the demand

for black walnut products is not limited to timber. The larger strongly

favored nuts and extremely hard shells make the seeds a second source of

revenue. The nuts are used in household and commercially prepared foods, and

the shells can be ground and used for activated carbon in gas masks, drilling

mud in oil well and as an abrasive material for polishing metals (Wylie 1966).

The objective for this study is to compare the economic efficiency of two

black walnut plantation management alternatives: i) emphasizes nut produc-

tion by pruning to 9 feet of clear bole and 2) emphasizes timber production

by pruning to 17 feet of clear bole. Both represent stands grown under inten-

sive silviculture. These two pruning alternatives were outlined by Schle-

singer and Funk (1976).
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Results from this study are useful to forestland owners in selecting the

best pruning height for black walnut plantations. Tree improvement workers

can also use this study to concentrate their effort in selecting for timber or

selecting for nut yield.

S IMULATION

Because no mature black walnut plantations were previously managed

according to those two alternatives under controlled conditions, we can only

use si_m_lation results for comparison. However, efforts have been made to use

the most up to date input data and reasonable assumptions so that the results

from simulation would closely resemble the true world situation. In general

the simulation procedure involves three parts: i) growth simulation, 2)

revenue simulation, and 3) cost simulation. Detailed description of these

three parts are as follows:

Growth simulation

Assuming a site index for black walnut at age 50 equal 75, we can predict

height growth according to the following model (Ferrell and Lundgren 1976).

Total height=l.2756 (site index) (1.0 - (e** - 0.02836 (Age)) *0.87915

Given diameter growth estimates from Naughton (1970), we further compute

crown diameter in feet using the Krajicek's (1966) model.

Crown width=l.993 (dbh) + 4.873

Assuming the crown to be circular, crown area is obtained by .7854 (crown

width)**2. Crown area then is used to calculate the crown competition factor

(Schlesinger1975)for the plantation.

As soon as the crown competition factor reaches 100, or total crown area i:

equals to the ground area, the plantation will be thinned back to 70 percent

of ground area. Assuming that the initial stocking is 106 trees per acre,

there are 6 thinnings done at age 23, 28, 36, 44, 55 and 66. The simulated ....

growth and stocking of a black walnut plantation from age 10 through age 80, i

at an interval of 5 years are presented in Table I.

All trees were assumed to be pruned to a clear bole height of 9 feet in

two stages at age 5 and age i0. For the hypothetical plantation which empha-

sizes timber production, the third pruning to 17 feet was done at age 17. i

This is consistent with the recommendation that no more than 25 percent of the

live crown be removed in any year, that no less than 50 percent of the live
crown be retained at any time, and that live pruning be completed before diam-

eter at breast height(dbh) reaches 10 inches (Schlesinger and Funk 1976).

We also assumed that only one log per tree is of economic importance.
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For alternative one which emphasizes nut production by pruning to 9 feet of

clear bole, we assumed that one 8-ft_ log is available. Similarly, for alter-
native two which emphasizes timber production by pruning to 17 feet of clear _

bole_ one 16-fto log will be yielded. The upper diameter of the log is com-

puted by dbh and by using the Girard Form class 78 relationship. This diame-
ter of the small end of the log and the log length described above were used

to compute log volume in board feet according to the Doyle log rule. Thinning

yields from the two alternativesare presentedin Table 2.

Nut yields for trees in alternative 1 were first derived from a regres-

sion equation (Zarger,Farmer, and Taft 1970):

Yield=-50o7+4o76(crown radius)+0.656(dbh)+0.032(height)-0.387(age)

i

Because black walnut bears nuts at the tip of current year shoots (Funk

1978),we assumed that the nut yield is in proportion to the surface area of

the crown. Nut yield for trees in alternative 2 therefore can be calculated by
(Nut yield for trees in alternative l)(Crown surface area for trees in alter-

native 2)/(Crown surface area for trees in alternative i). The crown surface

area was calculated by using a paraboloid solid model (Husch et. al. 1972):

Area = ( 2_r ) ((r2+4h2)3/2-r 3) + _r 2 ii
12h 2 |

where r is the crown diameter and h is the crown height,which is computed as ii_

the difference between total height and pruning height. The simulated nut

yields for both alternatives from age 20 through age 80 at the interval of 5 !i

yearsarepresentedinTable3. _!

Revenues estimation

Prices for black walnut timber were averaged over the four-year period

from 1974 to 1978 (Lott and Park 1975, Hoover 1979). Because of the differ-

ence in price between select grade and prime grade of veneer logs, we used the

percentage of grade yield proposed by Schlesinger (1978) as weights to calcu-

late value of the log at various diameter classes. An example of valuation of

thinning yields for alternative i is given in Table 4. Other valuations were

calculated in a similar manner. An average price of $4.38 per i00 pounds of
delivered husked :fresh walnuts was used to calculate revenue from nut yield.

The [)rice was derived from average prices paid by Hammons Products Company of
Stockton, Missouri from 1974- to 1977.

Cost estimation

Fixed costs per acre included land purchase ($350), road and fences

establishment ($70). , cultivation and site preparation ($35), planting mater-

ial and labor ($25),weed control for three years(S90), corrective pruning for
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t]_ree times ($30)° Bole prunning costs were $22 for pruning to 4 feet at age

5 and $33 for pruning to 9 ft at age 10. As to alternative 2 which emphasizes

timber production by pruning to 17 feet at age 17, additional $50 was

assessed.

Fixed annual costs including taxes and maintainence were set at $I0 per

acre per year. The variable cost for nut collection was $5 per thousand

pounds and the cost for timber harvest was $55.5 per thousand board feet.

DISCOUNTED NET WORTH

The first approach used to compare the economic efficiency of two alter-

natives is by discounted net worth which is expressed as a dollar figure at a

given discount rate. It is also easily manipulated to reflect changes in

input value° However, it is sensitive to discount rate for which different

estimates give widely different solutions to the same set of input data. The

discount tale used in computing present net worth was 6.75 percent which

represents the average rate of inflation for the United States from 1971 to

1976 (Hoover 1977).

It can be seen in Table 5 that alternative i which emphasizes nut yield

by pruning to 9 feet of clear bole yields a higher discounted net worth than

alternative 2, which emphasizes timber yield by pruning to 17 feet of clear

bole. The reader should not be alarmed at the negative values for discounted

present net worth because in our calculation revenue returned from land sale

was not included. Furthermore, we have not adjusted timber or nut price

increases due to inflation for future timber or nut sales. These two condi-

tions may not be realistic but it would not change the result of comparison

between two alternatives unless the relative rate of price increase for the

two products differs significantly. In fact, any changes in costs and reven-

ues which are common to both alternatives will have no effect on the outcome

of choosing the best alternative. For example, the maximum difference of

$148.47 was found between the two alternatives at age 55. If we assume that

the present net worth for land is $500 per acre, then the present net worth of

a black walnut plantation, including land, for alternative one is

500-81.50=418.5, and for alternative two is 500-229.98=270.02. The difference

between them is still $148.47.

Similarly, a 10% increase or decrease in cost or revenue values produces

only a small change in the difference between two alternatives. The only

important factor in selecting the best alternative is the discount rate.

Using the optimal rotation age of 55 years for alternative one and 65 years

for alternative two, we should choose alternative two for discount rate less

than 5 percent, and choose alternative one for discount rate equal to or
greater than 5 percent. The reason for this choice is that revenues from nuts

can be obtained during the earlier years while the final harvest of timber is

at the rotation age. The higher discount factor becomes progressively more

important for earlier investment returns.
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INT_RNAL RATE OF RETURN

Internal rate of return is defined as the compound interest rate at whic_

Lbe sum of discounted net returns is equal to zero, It is solved by manipula-

tating the value of the discount rate in the formula for discounted net

worth until its value is approaching zero. The internal rate of return can be

compared easily to other investment alternative but is less amenable to

adjustment in response to input variations than is discounted net worth.

The highest internal rate of return for alternative one is 6.19 percent

at a rotation age of 55 years. For alternative two, it is 5.96 percent at the

age of 65 years. Alternative one has a higher internal rate of return than

alternative two from 45 years to 80 years° Thus, pruning to increase timber

q_aiity is not as profitable as pruning to increase nut yield,

Our study shows that the internal rate of return for black walnut planta-

tions ranges from 2.5 to 6.2 percent, which is low in comparison to a previous

black walnut multicropping study (Smith 1973). With additional revenue from

fescue seed included by Smith, the internal rate of return was higher than for
our alternatives _

CONCLUSION

Judged by present net worth and by internal rate of return, pruning to 17

feet of clear bole with the emphasize on timber production is inferior to

pruning to 9 feet with emphasize on nut production, at the assumed cost and
revenue structure.
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