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available alternative is taxed at ordi- at a real discount rate of 5 percent and

nary rates and is set equal to the nomi- assuming stumpage values appreciate at an
hal before-tax rate times one minus the average rate of one percent per year, the
landowner's marginal income tax bracket, land expectation value is -$22 per acre
Inflation was set at 4 percent and was at an optimal harvest age of 80 years.
based on the GNP Implicit Price Deflator

avera§_d over the three most recent For the after-tax case, optimal LEVs
years-- . Assuming a marginal income tax range from -$69 per acre for the poor
bracket of 15 percent, the equivalent site to $1,555 per acre for the medium
real before-tax and nominal after-tax site, again depending on the specified

discount rates are 4 and 6.94 percent, 5 discount rate and price assumption. For
and 7.82 percent, and 6 and 8.7 percent, the medium site, assuming a 5 percent
respectively, real discount rate and one percent

stumpage price appreciation, the optimal
The average landowner was assumed to land expectation value equals $69 per

be in the 15 percent marginal tax bracket acre at a harvest age of 90 years.
except for the years of the last commer-

cial thinning and final harvest. For After-tax LEVs are higher for this
these years, the landowner's marginal tax investment because of the disproportion-
bracket was set at 28 and 33 percent, re- ate effect of taxation on revenues and

spectively. The latter rate includes the costs° That is, costs are adjusted annu-
additional 5 percent tax. ally, whereas adjustments to revenues oc-

cur infrequently. The reduction in the

i discount rate by the landowner's marginal
RESULTS tax bracket has the largest impact on

land expectation value. The lower after-

Existing Stands tax discount rate also increases the op-
timal rotation age based on maximization

Present before-tax timber values for of land expectation value.
existing stands ranged from $543 per acre
for the poor site (SI 60) to $826 per

acre for the good site (SI 80). For the Sensitivity Analysis
medium site (SI 70), present timber value

was $685 per acre. In almost all cases The sensitivity of financial matu-
it did not pay to delay harvest of the rity (i.e., maximum LEV) and investment

unmanaged existing stands. That is, the profitability to changes in site, dis-
before-tax present net value of these count rate, log-grade distribution, price
stands was greatest at the current age of assumption, and species composition is

60 years. The only case where it was presented below. The analysis is based
more profitable to delay harvest was for on after-tax LEVs under the same manage-
the poor site at a real before-tax dis- ment and tax conditions as previously
count rate of 4 percent. On this site discussed.
and at this discount rate, before-tax

present net value was greatest at age 80. Figure i shows the optimal rotation

age to be 90 years for all sites at a
discount rate of 5 percent and one per-

Regenerated Stands cent stumpage price appreciation. Note,
however, that the rotation decision be-

Based on the management system pre- comes less critical once stand age 80 is
sented earlier and a log-grade distribu- reached. That is, once the stand reaches
tion represented by a medium quality re- 80 years, the landowner should harvest

sponse to management, regenerated stands based on market expectations as opposed
were simulated for each site and evalu- to any predetermined rotation age. There
ated at rotation ages of 60, 70, 80, 90, is little to gain by waiting to harvest
and i00 years. Before- and after-tax between ages 80 and 90, and little to

LEVs, representing the maximum amount lose between ages 90 and 100, however,
which an investor could pay for an acre there is much to gain by proper market
of bare land and still earn a return timing. In figure 2, it is seen that as

equal to the discount rate used, are the discount rate increases, the range
shown in Table 5. Optimal before-tax over which market timing is applicable,
LEVs range from -$86 per acre for the also increases.
poor site to $410 per acre for the good

site, depending on the discount rate and The effect of changes in log-grade
price assumption. For the medium site, distribution for the medium site is il-

lustrated in figure 3. Within the range
studied, profitability is not affected to

_ any significant degree except at the
3/Based on the same index, infla- lower discount rates. This result can be

tion averaged an annual rate of 3.55 explained by the small percentage of re-percent from 1929 to 1984.
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Figure 3o--After-tax LEVs for a regener-
Figure l.--After-tax LEVs for regenerated ated hardwood stand by discount rate

hardwood stands by rotation age and and log quality response to management.

site quality. A 5 percent real before- A medium site and an 1 percent real
tax discount rate, medium log quality annual stumpage price change are as-
rresponse to management, and an 1 per- sumed. Discounting reflects 4 percent
cent real annual stumpage price change inflation and a 15 percent marginal in-
are assumed. Discounting reflects 4 come tax bracket. The optimal rotation

percent inflation and a 15 percent age varies along the curve.
marginal income tax bracket.
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"e 1600 p = 2%
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< 1400600
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Figure 4.--After-tax LEVs for a regener-

ated hardwood stand by discount rate

Figure 2.--After-tax LEVs for a regener- and real annual stumpage price change
ated hardwood stand by rotation age and (p). A medium site and medium log
discount rate. A medium site, medium quality response to management are

log quality response to management, and assumed. Discounting reflects 4 per-
an I percent real annual stumpage price cent inflation and a 15 percent margin-
change are assumed. Discounting re- al income tax bracket. The optimal
fleets 4 percent inflation and a 15 rotation age varies along the curve.
percent marginal income tax bracket.

CONCLUSIONS

use, then these taxes can be excluded
from the analysis. Figure 6 presents the Based on the even-aged management
real before-tax rate of return expected system described above, all sites inven-
from the specified investment. The $5.00 toried were generally at or past finan-
property tax reduction, due to the cial maturity based on maximization of
Illinois Forestry Development Act, is present net value. Only at the lowest
treated as a benefit. Real before-tax discount rate considered did it pay to

rates of return exceed I0 percent for delay harvest of the existing stand.
each site. While tax adjustments did increase the

number of cases where waiting to harvest
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320
regenerated stands. However, even with

zso preferential treatment, the investment
was not very desirableat discount ratesr=4_

24o equal to or greater than 6 percent on all
r=_ sites. This 6 percent is a real before-

200
r,6_ tax rate and corresponds to a market in-

Is0 ...... terest rate of 10.24 percent assuming in-
flatlonis equal to 4 percent.

120

8o- _ Land expectationvalue was very sen-
- --................. sitive to the discount rate. Optimal ro-

4o-_---- tation ages ranged from 60 years to I00

0- years depending on investment assump-
-°............................................ tions. At a real before-tax discount

-4o20 .... 4o so ......80 rate of 5 percent for example, the opti-
Percentoak mal rotation age is 90 years, assuming

after-tax treatment and one percent
stumpage price appreciation. However,

Figure 5.--After-tax LEVs for a regener- because of the flatness of the LEV curve,
ated hardwood stand by percent oak and once stand age 80 is reached, it is bet-
discount rate. A medium site, medium ter to harvest based on market expecta-
log quality response to management, and tions rather than a predetermined rota-
an I percent real annual stumpage price tion age.
change are assumed. Discounting re-
flects 4 percent inflation and a 15 There seems to be some room for er-

percent marginal income tax bracket, ror in estimating log-grade distribution
The optimal rotation age varies along and species composition before management
the curve, decisions are affected. Within the range

studied, profitability and land expecta-

tion value were not very sensitive to
3oo changes in log-grade distribution or

2_0 sleo changes in percentage oak. The impor-
tance of these factors in influencingin-o Sl70

_200 X_ ...... vestment performance rests on the magni-
",_ sl_o tude of change and the relative value of

_i_0= "._..__._ ........... the other timber species in the stand.

_1oo '._ If property taxes are not treated as

"'-_ a timber investment cost, then real be-

5o __ fore-tax rates of return can be expectedo to exceed i0 percent for the Illinois
_ forestry investment conditions considered

-5o in this study.

-100
5 _ ' ; ' I LITERATURE CITEDReagBefore-taxDiscountRate(%)

Belcher, D. M.
Figure 6.--After-tax present net values 1982. TWIGS ... The woodsman's ideal

for regenerated hardwood stands by dis- growth projection system, a descrip-
count rate and site quality. A real tion paper. USDA Forest Service,
property tax savings of $5.00 per acre North Central Forest Experiment
per year, medium log quality response Station, St. Paul, MN. Mimeo. 26
to management, and an i percent real pp.

annual stumpage price change are
assumed. Discounting reflects 4 per- Carmean, W. H.
cent inflation and a 15 percent margin- 1971. Site index curves for black,
al income tax bracket. The optimal white, scarlet, and chestnut oaks in
rotation age varies along the curve, the Central States. USDA Forest

Service Research Paper NC-62. North
Central Forest Experiment Station,

was profitable, most management decisions St. Paul, MN. 8 pp.
were unaffected. The recommendation is

to regenerate the stands as soon as Gingrich, S. F.
sufficient advanced reproduction occurs. 1971. Management of young and interme-

diate stands of upland hardwoods.
State forestry incentives and fed- USDA Forest Service Research Paper

eral income tax adjustments proved impor- NE-195. Northeastern Forest
tant in increasing profitability for the
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