




Development of a Model for 

Simulation of Forest Regulation 
Techniques1 

Introduction 
"The organization and control 

of the growing stock for a sus
tained yield of forest products 
from a specific forest area has tra
ditionally been called forest 
regulation." (Meyer. RecknageI. 
Stevenson, and Bartoo. 1962). 

The primary regulation tool 
available to the manager is the tim
ing and size of timber cuts. Man
agement of many forest properties 
has been under the constraint of 
sustained yield. Sustained yield 
management is defined by the 
Society of American Foresters 
(1958) as: 

"Management of a forest prop
erty for continuous production 
with the aim of achieving, at the 
earliest practicable time, an ap
proximate balance between net 
growth and harvest, either by an
nual or somewhat longer periods." 
Sustained yield, thus, is con
cerned both with a continuity of 
growth and of yield or harvest. In a 
much wider sense, it means conti
nuity of all goods and services 
from the forests. 

There are a number of argu
ments for acceptance of the sus
tained principle. Many reasons are 
essentially external to the forest it
self, and are based on economic, 
social, and administrative factors: 
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- Yearly cut of approximate 
equal volume, size, quality, 
and value of timber implies a 
stable business planning 
base and workload con
tinuity. 

-Current growth (harvested) 
and income not larger than 
necessary; maximum return 
on invested capital. 

-Balance between yearly 
expenditures and receipts 
(liquidity). 

-Maximum degree of safety 
from fire, insects, and dis
eases. 

Several critical questions com
plicate the determination of sus
tained yield: 

-Sustained yield can be main
tained at different levels de
pending on rotation length, 
current and expected utiliza
tion standards, current and 
expected technologies, and 
investment levels in timber 
management programs. 

-How should the conversion 
to sustained yield from cur
rently unregulated condi
tions be accomplished? 
Should economic considera
tion enter the decision on 
length of conversion period 
and the size of the cut? 
Should larger cuts be al
lowed during the conversion 
period or should even-flow 
constraints be imposed? 

The concept of sustained yield 
was developed in the early 19th 
century in Germany during a time 
when, generally, the forests of the 
country were in poor condition, 
and guidelines for their manage
ment were missing. During this 
period, the model of a normal for
est was developed. The normal 
forest was an idealized model of a 
fully regulated forest and was ad
vocated as the condition towards 
which all forest properties should 
be managed. 

Normal Forest Model 
The essential requirement of 

the normal forest model is that 
age and size classes be represented 
in such proportion and be growing 
consistently at such rates that an 
approximately equal annual or 
periodic yield of products of de
sired size and quality may be ob
tained. 

The forest should be normal in 
terms of: 

-Growth. 
-Rotation. 
-Age-class distribution 

(equal areas). 
-Growing stock. 
-Cut (to provide sustained 

yield). 
Other assumptions are: 

-Equal site quality. 
-Equal stocking with only 

one species. 
-No intermediate yields. 
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Figures 1a and 1b illustrate a 
normal forest. 

From this model the following 
relationships can be developed: 

Gi = growing stock of age-class 
i, i = l,2, ... R 

where 
R = rotation or age of oldest 

age-class 
Yi =growth of age-class i 

R 
I Gi = total growing stock of 

1 forest 
R=ZCR 

R 
I Yi = total annual growth 

i= 1 
=GR 

Annual cut; 
R 

~= I Yi 
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R(4U = 2IGi , i.e., cut during 

lone rotation 
is twice the 
normal 
growing 
stock. 

These relationships should be 
well understood before continu
ing. The cut regulation techniques 
to be discussed will be related 
back to this ideal situation. 

Determination of the Cut 
The determination of the cut is 

probably the most important deci
sion a forest manager makes. The 
cut has far-reaching consequences 
for the total forest enterprise, both 
its biological and economic com
ponents. However, the existence 
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of multiple objectives implies that 
there is no exact solution. 

The accuracy needed in the 
determination of the cut varies 
with the timber supply and de
mand situation. The allowable cut 
is typically calculated for a spe
cific period, utilizing the most cur
rent inventory information, and is 
revised periodically. Allowable 
cut is composed of both final and 
intermediate cuts. 

Major considerations concern
ing the cut are: 

-Total volume that should 
be cut. 

-Cutting sequence of 
stands. 

-Species, size, and quality. 
-Spatial arrangement of 

cuts. 
The answer to these questions 

will depend on: 
-Objectives of manage

ment. 

r-
r-

r-
0 

r- --
r-

r 
0

I 

r-
r-

c-
o-

c::i Age class 

Figure 'a. Normal growing stock distribution. 
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-Markets. 
-Silvicultural needs. 
-Logging problems. 
-Degree of harvest conti

nuity desired. 
The one feature of forests that 

we should not forget is that the 
crop seldom requires immediate 
removal and that storage is possi
ble. Managers can take advantage 
of this. 

There are many different ap
proaches to the determination of 
the cut. All are based on the com
mon regulatory principle that, if 
the actual volume of the forest is 
equal to the desired volume and 
distribution, then the actual yield 
on a sustained yield basis may be 
equivalent to the actual growth 
(Recknagel. Stevenson, and Bartoo, 
1962). If the actual volume is be
low the desired level, the cut is 
kept below growth to provide for 
the accumulation of additional 

-

-

g
-q .... 

-

-

-

-

o g 

growing stock. Obviously, the re
verse is true when the reserve is 
larger than desired. 

Several general approaches to 
cut determination exist: 

1. 	Area control. 
2. 	 Volume control. 

3. 	 Combined area and vol
ume control. 

4. 	Modern operations re
search techniques .. 

It should be emphasized that 
timber regulation problems are 
solved more and more by using op
erations research techniques such 
as linear programming and simu
lation. An example of the first is 
Timber RAM (Resources Alloca
tion Model) developed by the U.S. 
Forest Service (Navon, 1971). An 
example of the second is ECHO 
(Economic Harvest Optimization), 
a model developed by Walker 

(1971). These models often are 
more difficult to use because they 
require knowledge of operations 
research methods by forest manag
ers and access to a computer. Such 
techniques also typically require 
more inventory information than 
the first three approaches. 

It is important, therefore, to be 
familiar with some of the simpler 
cut determination models which 
can provide useful solutions if 
properly applied and interpreted. 
If not properly applied, these 
models can lead to less than desir
able conditions of growing stock 
and growth. It is the intent of this 
paper to introduce these models (1 
to 3 above) and to provide illustra
tive examples. These examples 
will serve to highlight advantages 
and disadvantages of various 
methods, and point to some of the 
major factors that should be con
sidered in their selection. A com

, 
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Figure 1b. Normal forest acreage distribution. 
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puter model will be introduced to 
facilitate speedy calculations and 
examination of various strategies 
and initial conditions. 

Area Control 
The principle of area control is 

very simple. This method deter
mines the allowable cut in terms of 
volume on the basis of acres as
signed for cutting. Specifically the 
area cut per year equals the total 
acres divided by rotation. Since 
volume must occupy area and area 
available directly determines vol
ume, cutting in this manner is 
quite logical. 

As an example consider the fol
lowing situation. A 1,600 acre tract 
of forest has been inventoried. It 
was found that the entire area is 
well stocked with red pine. Three 
distinct, even-aged compartments 
(stands) are present. The manager 
decides that the area would be best 
utilized if it were regulated at the 
earliest possible time. Projected 
market conditions are such that 
any cutting schedule used during 
rotation one will not alter the sup
ply-demand relationship. Area 
control techniques seem to be 
appropriate in this situation. A ro
tation age of 80 years will be as
sumed. Experience shows that a 
stocking level (in relation to nor
mal yield table values) of 90 per
cent can be maintained once the 
forest is regulated. 

The information obtained from 
the inventory is shown in the fol
lowing diagram. The necessary 
step-by-step calculations follow 
using the yield table (Table 1). 

Stand A. 

Age: 80 
Acres: 700 
Stocking: 90% 
Site: 65 

Stand B. 
Age: 40 
Acres: 300 
Stocking: 80° 
Site: 45 

I. 	Acres per age class under 
regulation assuming equal 
site productivity = acres/ro
tation age = 1,600/80 20 
acres. 

The procedure must be modi
fied when different sites and 
stocking levels are present to ad
just for differences in productiv
ity. The aim is to get areas of equal 
productivity rather than equal sur
face area. The question that must 
be answered is: how much acreage 
should be cut annually to insure 
uniform volume production after 
rotation one? 

Yield per 
acre at 

II. Stand 80 years 
A. 6,280 ft3 
B. 3,199 ft3 
C. 8,165 ft3 

Table 1. Yield per acre (ft3) by age and site index of fully-stocked, even
aged red pine stands in Minnesota.1 

Stand Site index 
age 45 55 65 75 

30 888 1,283 1,743 2,266 
40 1,483 2,142 2,910 3,784 
50 2,017 2,914 3,959 5,147 
60 2,476 3.577 4,860 6,319 
70 2,866 4,142 5,627 7,316 
80 3,199 4,623 6,280 8,165 
90 3,485 5,035 6,841 8,894 

100 3,731 5.392 7,325 9,523 
110 3,946 5,702 7,746 10,071 
120 4,134 5,974 8,116 10,552 
130 4,301 6,214 8,442 10,976 
140 4,449 6,428 8.732 11,353 
150 4.581 6,619 8,992 11,691 

'Values found from the equation: Yield = 6.4088 S'·8342e-81.6341A 

where: S = site index 
A age 

Base data are from Table 10, Eyre, F. H. and P. Zehngraff. 1948. "Red Pine Management in Minnesota." 
USOA Cir. No. 778, 70 pp. Yield is total cubic feet per acre excluding bark of trees 5 inches dbh and 
larger, to a top diameter of 4 inches inside bark. 

III. 	 Average productivity 
weighted by acres: 

(6,280 (700) + 3,199 
(300) + 8,165 (600))/ 
1,600 

= 6,409 ft 3 • 

IV. 	 Areas of equal productiv
ity (acres cut per year): 
A. 	(6,409/6,280) x 20 = 

20.4 acres. 
B. 	 [6,409/3,199) x 20 = 

40.1 acres. 
C. 	 (6,409/8,165) x 20 

15.7 acres. 

V. 	 Cutting time per stand: 
A. 	 700/20.4 = 34.3 years 
B. 	 300/40.1 = 7.5 years 
C. 	 600/15.7 = 38.2 years 

80.0 years 
The order in which the stands 

will be cut must now be known. 
For simplicity we will assume that 
stands will be cut from oldest to 
youngest, i.e. A, C, B. 

VI. Average age at harvest: 
A. 	80 + 34.3/2 = 97 

years. 
C. 	 60 + 34.3 + 38.2/2 = 

113 years. 
B. 	 40 + 34.3 + 38.2 + 

7.5/2 = 116 years. 
VII. 	 Volume harvested [per 

year) in rotation one:1 

A. 	7,187 x 20.4 x 0.90 
= 131.95 M ft3 • 

e. 	10,222 x 15.7 x 0.85 
= 136.41 M fe. 

B. 	 4,062 x 40.1 x 0.80 
130.31 M ft3. 

VIII. 	Volume harvested (per 
year) in future rotations: 
A. 	6,280 x 20.4 x 0.90 

= 115.30 M ft3
• 

e. 	8,165 x 15.7 x 0.90 
= 115.37 M ft3

• 

B. 	 3,199 x 40.1 x 0.90 
= 115.45 M ft3. 

There are a number of advan
tages and disadvantages the forest 
manager should be aware of when 
considering area control. Davis 
(1966) lists the following: 

-	 The volume cut is the aver· 
age volume per unit of area 
multiplied by the area cut. 

1Yield per acre at average harvest age times IV 
(area of equal productivity) times stocking per. 
cent. 
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-Area control applied to an ir
regular forest and strictly fol
lowed yields irregular cuts 
in volume, size, and quality 
of timber. 

-After one rotation, the forest 
will be completely regu
lated. 

-An approximately uniform 
annual cut in rotation one 
cannot be obtained from an 
irregular forest by strict area 
control. 

- The procedure is simple and 
direct. 

-Areas to be cut are identified 
with areas on the ground 
(good for silvicultural con
siderations). 

-It is particularly suited to for
ests composed of even-aged 
stands. 

-If the forest is largely mature, 
the method may cause great 
losses from holding stands 
too long. 

-Volumes (unit of produc
tion) are not explicitly 
considered. 

• 
Volume Control 

In volume control the cut is de
termined by the conditions of the 
existing growing stock and often 
the growth of the growing stock. It 
should be noted that: 

-Most volume control meth
ods provide an approximate 
estimate which is applied for 
a short period of time and 
then re-evaluated. 

-Many of the methods are 
equally applicable to un
even-aged and even-aged 
stands (in fact all those not 
dependent on yield tables). 

-In all cases a cut figure in 
terms of volume is deter
mined and as many acres as 
necessary are cut. 

A brief synopsis of the various 
formulas follows. For more de
tailed information, see Chapter 6 
of Davis (1966) or Chapter 4 of 
Meyer, et 01. (1961). 

VON MANTEL'S AND 
HUNDESHAGEN'S 

-Both are very simple to 
apply. 

-Neither consider whether 
present growing stock is de
sireable. 

- They should only be applied 
in well-regulated stands. 

- Von Mantel's assumes linear 
increase in growing stock 
with age. 

1. Von Mantel Formula 
a) Von Mantel formula is ap

plicable if age class distri
bution is approximately 
normal. 

b) Irregularity can exist in den
sity of stocking. 

c) This formula will give satis
factory results if the above 
conditions exist. 

d) 	 Best results are obtained if 
cubic measure is used. 
Ya =actual yield or allow

able cut= 

actual growing 
stock volume 

R rotation age 

Ga =actual volume of growing stock 

Y 	 Ga or 2Ga 
a Rl2 R-a 

where a adjustment period 

2. 	Hundeshagen Formula 

a) 	 Needs same condition as 
Von Mantel formula-nor
mal age class distribution. 

b) 	 In adddition requires yield 
table for its application. 

c) 	 The formula is essentially a 
scheme for estimating 
growth from a yield table. 

d) 	 Hundeshagen's formula as
sumes that growth or yield 
in an actual forest, approxi
mately regular in distribu
tion, bears the same relation 
to its total growing stock as 
growth in a fully stocked 
regulated forest, as repre
sented by normal yield 

tables, bears to its growing 
stock. 

Expressed as a proportion: 
Xa=Y.a Ya = actual yield. Ga 	 GR Ga = actual growing 

stock. 
YR =	growth or yield 

in a fully 
stocked forest. 

GR = growing stock 
in a fully 
stocked forest. 

Consideration of the growth of 
the growing stock is incorporated 
in a number of volume regulation 
models. Generally, these models 
are superior to the ones which 
ignore growth. It should be under
stood, however, that the determi
nation of the growth is one of the 
most difficult measurements in 
forestry practice. A discussion of 
the measurement of growth can be 
found in Chapter 4 of Davis (1966) 
and Chapter 16 of Husch, Miller 
and Beers (1972). 

Examples of allowable cut for
mulas which modify increment 
with growing stock information 
are: 

3. 	Austrian 

GR 

a 
I = current annual increment 
a = number of years in adjust

ment period. 

-Reduce or increase the cut to 
build up or reduce average 
growing stock level. 

-Better than Von Mantel and 
Hundeshagen in irregular 
conditions (age). 

-Best when growing stock 
consists of even-aged second 
growth stands. 

-Assume balanced stocking. 

AC = 	 I + Ga 

4. 	Chapman's 


GR
AC = Ie + Ga 
R 

Ie = 	MAl at rotation age and 
average density of stock
ing. Ga , GR, and R as be
fore. 

5. 	The "Modified" Barnes 
Method and Tabular Check 
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Barnes (1951) described a new 
method of volume regulation that 
was based on the calculation of al
lowable cut in such a manner that 
the total inventory would be cut 
once over one rotation. Since an
nual allowable cut is closely re
lated to average age at harvest, it 
follows that if an estimate can be 
made of average cutting age during 
rotation one, the actual yield ob
tainable at that age should furnish 
a good estimate of allowable cut 
(Barnes, 1951}. 

To calculate allowable cut, the 
following steps are required: 

1) Compute average 
weighted (by acres) age 
of growing stock over all 
stands (AG). 

2) 	 Determine average cut
ting age. 
-If a forest has a "nor

mal" distribution of 
age classes then aver
age age of growing 
stock is Rl2. 

-As an approximation 
to actual average cut
ting age we use: RA = 
AG+Rl2. 

3} Compute average 
weighted (by acres) 
stocking over all stands. 

4) AC = (normal volume/ 
acre at RA for average 51) 

k· Axstoc mg x If." 

We will call this allowable cut 
the "modified" Barnes estimate. 
(Barnes describes a slightly more 
cumbersome estimate.) In the pro
cedure recommended by Barnes, 
this allowable cut "guess" be
comes the starting point of an iter
ative process, designed to refine 
the "guess" and derive a better es
timate of allowable cut. With this 
estimate the sum of the individual 
cutting times of all stands in the 
inventory equals rotation age. This 
iterative process to be described 
next is known as the Tabular 
Check o.r Barnes Method. 

It involves: 
a) The estimation of a "true" 

cutting time for each stand 
given an initial trial harvest 
level. 

b) 	 The summation of the 
individual cutting times of 
each stand for the given har
vest level. 

c) 	 An adjustment if the trial 
harvest level yields a sum of 
cutting times unequal to 
rotation. 

We will outline these steps in 
the following: 

Estimation of "true" cutting 
time for a stand: 

1) 	Set trial-cut level 
(from modified 
Barnes). 

2) 	 Calculate initial esti
mate of cutting time 
for stand. 

yield at 
current 

= stand age NY 
trial cut 1 

3) Calculate average age 
at harvest 

NY. 
= current age + T 
=AG j 

where: i = 1, 2, 3, .. .indicates 
the step reached in 
the iteration. 

4) Calculate yield at av
erage harvest age AG i . 

5) Recalculate years to 
cut from stand 

yield at 

age AG i NY 
trial cut i + l' 

6) 	 If (AG i - AG j + 1 

SO.Ol) start at step 1 
for next stand where 
0.01 is an arbitrary 
stopping level which 
defines accuracy of 
the cutting time. Use a 
starting age for next 
stand: stand age + 
NY j + 1 . 

7) 	 Otherwise go back to 
step 3. 

A graphical illustration of this pro
cedm:e is shown in Figure 2. We, 
therefore, approach a "true" cut
ting time by using increasingly ac
curate estimates of volume at aver
age harvest age. With a large num
ber of stands iteration gets out of 
hand, suggesting a computer 
solution. 

Excurs: Interpolation in the 
yield table, e.g., 

SI90 
~ Volume/acre 
60 14,180 bd ft 
65 14,885 bd ft 

To determine volume at age 62.98 
for site index 65, use straight-line 
interpolation or substitute age into 
yield function: 

(actual age - 60) 
VS298 = VSG + (70-60) 

(V70 - V60) 

'" 4.860 + 62.98 - 60 

(5,627 4,860) 
= 5,088 ft3 

or 
V

S2
.
98 

6.4088 S,·8342e-61.534IA 

= 5,101 ft3 using S = 65 
A 62.98 

Once this procedure has been 
carried out for each stand using the 
initial trial level for allowable cut, 
an estimate is obtained of the sum 
of cutting times over all stands. If 
the sum of cutting times is not 
equal to the rotation, a new level 
for the allowable cut is set and a 
new cutting time iteration, stand 
by stand, is started with the new 
cutting level. Obviously, if the 
sum of cutting times is greater than 
rotation age, our next guess should 
be larger than the initial and corre
spondingly smaller if the sum of 
cutting times is less than rotation 
age. 

This iteration is continued un
til the difference between the sum 
of cutting times over all stands and 
rotation age is negligible. To find a 
cutting level which will ultimately 
make this difference equal or close 
to zero, an efficient iteration tech
nique such as Newton.Raphson or 
interval halfing should be used 
(Figures 3,4). 

Volume Control (Illustra
tion) 

Same data as area control ex
ample. 

Need to calculate: 
a) 	 Actual growing stock 

volume Ga. 
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~ 	cutting 
times 

Rotation 

\ 

present ; NY1 truecutting 
I.e:::: AG 1---.............---=:lIiIIow---------t1 


\ 

age time 
 \ 

\ 
\ 

\ 

I 


~____~~~AG2 	
\ 

"
; NYz \ 

I 

I 
 Trial cut T1
I 

~ 1-------""-AG3 NY 
I 3 

Figure 3. Newton-Raphson iteration of determining allowable cut with 

AG; - AG; + 1 :s constant, i.e., stop iteration 

Figure 2. Cutting time iteration. 

~ 	cutting 
times 

Rotation 

b) Regulated growing stock 

volume GR' 


c) Yield for regulated grow

ing stock condition YR. 


d) Current annual incre

ment (CAl). 


e) 	 Mean annual increment 

at rotation age (MAIR). 


f) 	Average age of current 

growing stock weighted 

by acres Aw. 


g) 	 Average stocking level at 

present weighted by 

acres Sw. 


h) 	 Average weighted site 

the Tabular Check. 

_ T;+1 - T;Ti+2 

2 

1, 2, 3, 4 ... trial level 

T1 Trial 

index SIw (weighted by Figure 4. Interval halflng method of determining allowable cut with 
acres). the Tabular Check. 
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(1) 	 Actual growing stock volume Ga: 

Ga = 6,280 x 0.90 x 700 + 1,483 x 300 x 0.80 + 6,319 x 0.85 
x 600 = 7,535,010 ft3. 

(2) 	 Regulated growing stock volume GR (yield table summation) 

- Need to calculate average weighted site index Slw 


SIw = (65 x 700 + 75 x 600 + 45 x 300)/1,600 65 

GR = Gso 10 (1,743 + 2,910 + 3,959 + 4,860 + 

5 627 + 6,280) = , 2 

222,390 ft3 on 80 acres 


or 

222,390 l,~~O = 4,447,800 ft3 on 1,600 acres. 

Often managers have evidence that their stands are not growing at the level 
indicated in the yield table requiring an adjustment of GR obtained from a 
yield table. Assume that the growth of the inventory is at 90 percent of the 
yield table, then desired growing stock volume after regulation would be: 

GR 	 4,447,800 x 0.9 = 4,003,020 

(3) Yield for regulated growing stock 

YR = Yao 6,280 x 1,;gO x 0.90 = 113,040 ft3. 

(4) 	 Current annual increment. 

-Calculate derivative of yield function for each stand in its current 
condition and sum over all stands. 

Red pine yield: 
6.4088SI1.8342 


Y = e-6 1.534iage 

394.359 SP .834Ze-61.534iAge

CAI=--C...>L..

d Age 


Giving CAl for fully stocked stands on a per acre basis 

Stand Age CAl CAl x acres x stocking 

A. 80 60.382 60.382 x 700 x 0.90 
B. 40 57.016 57.016 x 300 x 0.80 
C. 60 108.001 108.001 x 600 x 0.85 

Total 	 106,805 ft3 

Alternative method: Calculate CAl for average age-site-stocking combina
tion. 

a) Average weighted age: Aw 

Aw = (80 x 700 + 60 x 600 + 40 x 300)/1,600 = 65 years. 
b) Average weighted stocking: 

Sw (0.90 x 700 + 0.80 x 300 + 0.85 x 600)/1600 0.86 

c) 	 Average weighted site index Slw 
CAl for Aw, Sw, and Slw would be misleading because of severe 
nonlinearity of growth curve, but surely is less work. 
CAl (Aw, Sw, Slw) [394.359 x 651.8342 x 

e-6 1.534/65)/65 2 ] x 0.86 = 76.59 x 0.86 = 66.06 ft 3 /acre or 
a total of 105,696 ft3. 

Note that the first method is preferred especially when widely differ
ing stands are being considered. 

(5) 	 Mean annual increment at rotation age (and average S1): 
MAl 	 yield at age 80 for Slw = 65 


R 80 


= 6,;~0 = 78.5 ft 3/acre. 

To find appropriate a value for 
the current forest multiply by 
acres and Sw: 

MAIR = 78.5 x 1,600 x 
0.86 108,330 ft3 

which estimates the sum 
of all increments for all 
stands as if they were har
vested at rotation age. 

Summary of information: 
Ga = 7,535,010 ft 3 Slw = 65 
GR =4,003,020 ft3 Sw = 0.86 
YR =113,040ft3 Aw =65 
CAl 106,805 ft3 
MAIR 108,330 ft3 

Von Mantel 
2 2

AC R Ga 80(7,535,010) 

= 188,375 ffl. 

or 
2 2

AC= R-a Ga = 80_30(7,535,010} 

301,400 ft3. 

Hundeshagen 

AC = YRG = 113,040 7535010
GR a 4,003,020' , 

= 212,779 ft3 

Austrian Formula 

GRAC = CAl + Ga - 106 805 + 
a ' 

7,535,010 - 4,003,020 
30 

224,538 ft3 assuming 30
year adjustment period. 

Chapman's Formula 

AC=MAIR + Ga - GR 
R 

AC 108,330 + 
7,535,010 - 4,003,020 

80 
= 152,480 ft 3 . 

Modified Barnes Formula 
AC 	 yield at average cutting age 

times average weighted den
sity. 

A verage cutting age RA == 
Aw + Rl2 = 65 + 80/2 105 
yield at age 105 
(and average SIw = 65) 7542.4 

AC = 7,542.4 x 0.86 x 1,:gO = 
130,106 ffl. 
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TABULAR CHECK 

The following three tables il
lustrate all the calculations neces
sary in the Tabular Check or 
Barnes Method (Tables 2-4). Note 
that the initial trial cut for the har
vest time iteration is based on the 
calculation of allowable cut ac
cording to the Modified Barnes 
Method, i.e., 130 M ft3. The sum of 
the cutting times being greater 
than the rotation, a new trial har
vest level is calculated (138 M ft3), 
yielding a sum of cutting times 
smaller than the rotation. The next 
and final trial cut of 134 M ft3, 
obtained using a Newton-Raphson 
iteration, stops the procedure be
cause the sum of cutting times 
closely approximates the rotation. 

At this point we have generated 
six solutions to the volume control 
problem (Table 5). It is apparent 
that the results of the various ap
proaches differ substantially, from 
130,106 ft3 for the Modified 
Barnes method to 224,538 ft3 for 
the Austrian method. 

A number of questions arise at 
this point: Which of the regulation 
formulas should be used? What is 
the long-term effect on inventory 
growth and growing stock of fol
lowing each of the calculated cut
ting levels? To answer these and 
other questions a simulation pro
gram will be introduced that will 
facilitate the calculations of allow
able cuts and their implementa
tion while keeping track of the 
changing conditions of inven
tories due to cutting and growth 
accumulation. The program, fur
thermore, will be used to compare 
the regulation formulas described 
here over a 200-year projection 
period using an actual forest in
ventory. 
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~ Table 3. Tabular check. second iteration. 
----

Site Stocking 
Stand Index Percent 

Present Present Volume Average Age Average Volume Cutting Time 

Acres 
Age (Total) at Harvest at Harvest Per Stand Cumulative 
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Table 4. Tabular check. final iteration. 

Site Stocking Present Present Volume Average Age Average Volume Cutting Time 
Stand Index Percent 

Acres 
Age (Total) at Harvest at Harvest Per Stand Cumulative 

6S O.qo o·l.tO " o.qo 80'" e~::) /2. '; '~.I '.01'" ~.qO( 100: '/1460 'tc.l60/uR:: 1'3.1 

A ~O l' '100 
60 -t "33.3 /2. ='i •.& 7.Jblt'll ."to v 7"0 -: 1.(5" 'is'1i /,3<1 :: 33., 33.S 

160 
3c:r5~ !l3·' /z.flO -t -= oCt"·Cf 1.'$0 ~ .qO)f leo: '45'1.; "I<S13/ll'h"." 

(:,0 
'til{ I " o.T»S' Cfl.ti'("~~~J2. : 1I1.t.. 10·131. 'lC. .15" 600 ':: 5167 5,"11,5"1 =3~·0 33.'11S 0.$S' .... of" 

C 33.'3 ~&Oo Q3.$'" 3'1.'''/2. = 113.1 IO.'1U:o )( .'iSS )(600 :: 51..5 52.15 II 5<4 =''6.q "Jet. 0 

"°0 ='f3. '& &46"'2.. 1l3.S + 3'1..4/1 : Il}.'3 1°,2.'3" )1,.1>5 '11'600 := S'2.~ !jZ.'U> /13'1 -: Sq· 0 ~ 11... 

~5" O.~O 
qo 

'1.000 ~ 0.,0 111•• ~ "'(~~:)/z.. =.116.'1 1.\.00'1 ')I .So)l:30 0 -='116 "176/13&4 ::: 7.'3 ..,1.• 
T .,.

B 71.·' )C300 1.3 
300 .: U?~ QbO Ill. 'i -t 7'''/1. :: 116."f "1.070 lC .,,0 )(300 ::.'t17 q-." 11"''1 =7.3 ::: to.' 

'-



Table 5. Summary: volume control results. 	 especially if the input data are en
tered via the terminal keyboard. Stand Acres Age Site Stocking % 

For repeated simulation of dif-A. 700 80 65 	 90 
B. 300 40 45 80 	 ferent regulation methods using 
C. 	 600 60 75 85 the same inventory base it is con

venient, however, to have the 
stand data reside on a disk file. To SIw ~65; Sw~0.86; Aw~65 Von Mantel AC = 188.375 or 301,400 with a = 30 

G. =7,535.010 Hundeshagen AC = 212,779 create a file "ASPST A T" with 
GR =4,003,020 Austrian AC = 224,538 stand input data for an aspen in-YR 113,040 Chapman AC =152,480 
CAl 106,805 Modified Barnes AC= 130,106 ventory the following commands 
MAIR 108,330 Tabular Check AC = 134,000 should be used: 

All volume units in tt3 

X. GGR, INPUT, ASPST A T 
? 1264 75 .238 65Table 6. Yield per acre (tf) by age and site index of fully stocked, even
? 2766 65 .361 65aged, pure aspen stands in the Lake States. 1 

? 14045 55 .333 65 
Stand Site index ? 4002 55 .254 55 
age 40 50 60 70 80 ? 1422 55 _597 45 
20 398 575 777 1,001 1,248 ? 19003 45 .391 65 
30 855 1,235 1,668 2,151 2,681 ? 4433 45 .353 55 
40 1,253 1,810 2,445 3,153 3,929 ? 13849 35 .592 6550 1,575 2,276 3,075 3,965 4,942 ? 1555 35 .594 5560 1,836 2,653 3,583 4,621 5,759 
70 2,048 2,459 3,997 5,154 6,424 ? 2971 25 .553 65 
80 2,223 3,211 4,338 5,594 6,972 ? 5993 15 .578 65 
90 2,369 3,423 4,623 5,962 7,431 ? 2849 15 .763 55 

'Values found from the equation: ? 9925 5 .500 65
Yield = 8.9836 S 1.6494 e-45. 816!A ? 6673 5 .500 55where: S= site index 

A=age ? 1383 5 .500 45 
Base data are from Table 154, Brown, R. M. and S, R. Gervorkiantz. 1934. "Volume, Yield. and Stand ? 
Tables for Tree Species in the Lake States." University of Minnesota Agricultural Experiment Station READY.Technical Bulletin 39. 208 pp. 

Yield is total cubic feet per acre excluding bark for all trees 10 inches dbh and larger. REPLAGE,ASPSTAT 


Table 7. Yield per acre (ft3) by age and site index of fully stocked, even
aged, second-growth upland oak stands. 1 A listing of the file is produced 

using the following commands: 
Stand 	 Site index GET, ASPSTAT age 40 50 60 70 80 

25 
35 
45 
55 

500 
890 

1,226 
1,503 

661 
1,176 
1,620 
1,986 

830 
1,477 
2,034 
2,493 

1,006 
1,790 
2,465 
3,022 

1,180 
2,114 
2,912 
3,570 

X, 
1264 
2766 

CCR, 
75 
65 

ASPSTAT 
.238 
.361 

65 
65 

65 1,731 2.287 2.871 3,480 4.111 14045 55 .333 65 
75 
85 
95 

105 

1,919 
2,077 
2,211 
2,326 

2,536 
2,744 
2,921 
3.072 

3.183 
3,445 
3,667 
3,857 

3.859 
4.176 
4,445 
4,676 

4,558 
4,933 
5,251 
5,523 

4002 
1422 

19003 

55 
55 
45 

.254 

.597 

.391 

55 
45 
65 

'Value found from the equation: 
Yield =37.658 S1.2419 e-50,4'2/A 

4433 
13849 

45 
35 

.353 

.592 
55 
65 

where: S = site index 
A=age 

Base data are from Table 12, Schnur. G.L 1937. "Yield, Stand, and Volume Tables for Even-aged 
Upland Oak Forests." USDA Technical Bulletin 560. 88 pp. 

1555 
2971 
5993 

35 
25 
15 

.594 

.553 

.578 

55 
65 
65 

Yield is total cubic feet per acre excluding bark for all trees 0.6 inches dbh and larger. 2849 15 .763 55 
9925 5 .500 65 

Simulation of Area and Vol
ume Control Techniques 

testing how different initial inven
tory conditions influence allow

6673 
1383 

5 
5 

.500 

.500 
55 
45 

A simulation package was writ
ten to illustrate how different regu
lation techniques will result in dif
ferent allowable cuts and how ap
plications of these cuts will lead to 
different growing stock and 

able cut levels under the various 
formula approaches_ 

The user currently has the 
choice of three species: aspen, red 
pine, and upland oak (Tables 1,6, 
7). 

growth over time. The simulation The user should have little dif
model is, furthermore, useful for ficulty in running the simulation, 
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To run the program with this 
data file, study the following ex
ample: 

IlET,TAPEI2=ASPS1AT 
IMANAGEB 

VOL U 1'1 E CON T R 0 L 
DO YOU NEED INSTRUCTIONS? YES 

THIS PROGRAM SIMULATES THE MANAGEMENT OF PURE, EVENAGED 

FORESTS FOR TIMBER BENEFITS. ITS PURPOSE IS TO ALLO~ 


THE USER TO STUDY THE DIFFERENT FLO~ STRATEGIES 

PRODUCED ~HEN VARIOUS STANDARD CUT DHERHINAHON tlETHODS 

ARE APPLIED TO HIS FOREST. IT IS ASSUMED THE USER 

CAN DIVIDE HIS FOREST INTO A FINITE NUtiBER OF UNIFORM 

(~ITH RESPECT TO AGE, DENSITY, AND SITE INDEXI 

HANAGEtiENT UNITS lA8ELLED STANDS. THROUGHOUT A 

SIMULATION RUN THESE STANDS ARE 'GROYN' ACCORDING 

TO A NORtiAL YIELD FUNCTION ADJUSTED BY THE STAND'S 

STOCKING PERCENT(INITIAL STANDS DO HO~EVER LOSE THEIR 

IDENTITY AFTER THE FIRST CUTI. AT PRESENT ONE OF 

THREE(RED PINE, ASPEN, UPLAND OAKI YIELD FUNCTIONS 

HAY BE CHOSEN. 


OTHER USER SPECIFIED INFORMATION INCLUDES: 
IAIAGE AT UHICH HARVESTABlE YIELD FIRST APPEARS(FYI-

THIS IS SItiPLY THE AGE AT ~HICH THE USER FEELS THE 
YIELD FUNCTION FIRST PREDICTS REASONABLE VALUES. 

IBIROTATION AGEIRAI--AGE AT UHICH HARVEST UOULD 

ALUAYS OCCUR IF THE FOREST ~ERE REGULATED. 


(CltlINIKUti CUTTING AGE(KINCUTI--A UARNING UILL BE 

GIVEN IF STANDS LESS THAN THIS AGE ARE CUT. 


(DIANTICIPATED STOCKING UNDER tlANAGEMENT(KODSTKI-
THE STOCKING PERCENT THE USER FEELS IS OBTAINABLE 
~HEN A STAND HAS BEEN CUT OVER. 

(EliNTERVAL(IN YEARS) AT ~HICH ALLOUABLE CUT IS 
REEVALUATEDIEVAL)--THE PROGRAti UILL CUT THE FOREST 
ACCORDING TO THE SPECIFIED FORtiULA RESULT FOR THIS 
NUIIBER OF YEARS, AT ~HICH TItlE A REVISED CALCULATION 
IHLL BE tlADE. 

(FINUIiBER OF TItlES ALLO~ABLE CUT IS TO BE REEVALUATED 
(ItlES)--THE NUtliER OF PERIODS OF LENGTH 'EVAL' 
FOR ~HICH THE CUT IS TO BE SIIiULATED. 

(GICUT DETERtiINATION tlETHOD(~HKETHOD)--ONE OF THE 
STANDARD ALLO~ABLE CUT FORtiULAS DISCUSSED IN 
TItiBER HANAGEIIENT TEXTS. FOR AN EXACT DESCRIPTION 
OF HO~ THIS PROGRAti CALCULATES EACH OF THESE SEE 
THE PAPER REFERENCED BELOU. 

ALL INPUTS KAY BE INTEGER EXCEPT STOCKING(SEE BELOU).IF AN 
INPUT HUST BE AN INTEGER AND IS ENTERED AS A REAL,AN ERROR 
UILL BE PRINTED AND A REQUEST "ADE FOR THE USER TO CORRECT 
IT. 
ACTUAL STAND INFORMATION MAY BE ENTERED ONCE YOU HAVE 
BEGUN RUNNING THE PROGRAM OR STORED OM LOCAL FILE 'TAPE12' 
PREVIOUS TO PROGRAH EXECUTION(PREFERRED). IN EACH CASE 
DATA ARE TO BE TYPED ONE STAND PER LINE, EACH LINE 
CONTAINING THE FOLlO~ING INFORIIATION IN SEQUENCE: 

1.ACRES IN STAND 

2.AGE OF STAND 

3.STOCKING LEVEL OF STAND 


(VOLUltE/ACRE OR PERCENT NORltAL STOCKING) 
4.SITE INDEX OF STAND 

THE ORDER OF THE STANDS IIUST CORRESPOND TO THE CUTTING 
PRIORITY DESIRED. THIS INFORIIATION KAY BE ENTERED AS 
REAL OR INTEGER NUKBERS EXCEPT STOCKING. ~HEN STOCKING 
IS 'PERCENT OF NORtlAl', THE PERCENTS "UST BE EXPRESSED 
AS DECItiAL FRACTIONS(I.E. 80 PERCENT EQUALS 0.80). 
AS A NOTE, ~HEN STOCKING IS GIVEN AS VOLU"E/ACRE IT IS 
CONVERTED(FOR SIMULATION USE) TO A STOCKING PERCENT USING 
THE APPROPRIATE NORKAL YIELD FUNCTION. ALL INFORI!ATlON 
IS READ IN FREE-FORHAT IIODE. 

THE USER IIAY ALSO CHOSE SHUEEN TUO TYPES OF OUTPUT. 
UHEN THE .e ABBREVIATED' FORK OF OUTPUT IS CHOSEN 
CURRENT STAND ACREAGE, SITE INDEX, YIELD/ACRE, TOTAL 
YIELD, AND GRO~TH ARE OUTPUT ALONG ~ITH THE ALLOUABlE CUT 
lEVEL FOR THE PERIOD AND THE ACRES CUT IN THE PERIOD. 
UITH THIS OPTION THE USER MUST SPECIFY THE AGE CLASS ~IDTH 
USH TO OUTPUT RESULTS. OTHERUISE AREA, HELD, HARVEST 
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AGE, AND VALUE INFORMATION ARE PRINTED OUT AT EACH 
STANO'S AVERAGE HARVEST AGE DETERMINED ACCORDING TO 
PRESENT FOREST CONDITIONS AND THE CHOSEN CUT DETERMINATION 
"ETHDDOlOGY. TOTALS AND AVERAGE~ AT AVERAGE HARVEST AGE 
ARE ALSO GIVEN. FINALLY, A PROJECTED CUTTING SCHEDULE IS 
OUTPUT. THIS SCHEDULE IS VALID UHEN THE CUTTING LEVEL 
BEING USED HAS FULLY REGULATED THE FOREST. FOR 80TH 
TYPES OF OUTPUT ALLOUABLE CUT ESTIKATES ARE GIVEN FOR 
All HETHODOLOGIES. 

USERS ARE ALSO ALLOUED TO REEVALUATE ALLOUABLE CUT 
FOR YEARS IN ADDITION TO UHAT UAS FIRST REQUESTED 
AND TOIIF DATA ARE STORED O~ TAPEI2) COMPLETELY RERUN 
A PROBLEHIUITH THE SAME STANDS) UITH DIFFERENT INITIAL 
SHCIF! CA TIONS. 

THE PROGRAM UAS URITTEN SO THAT ANYONE UITH A MINIMAL 
AMOUNT OF PROGRAMMING EXPERIENCE COULD EASILY MAKE A 
MUMBER OF USEFUL CHANGES. THESE UOULD INCLUDE (I) THE 
SPECIES GROUPS AND ASSOCIATED YIELD FUNCTIONS, (2) THE 
COEFFICIENTS AND/OR FORM OF THE TIHBER VALUE EQUATION, 
(3) THE INTEREST RATE AT UHICH VALUES ARE DISCOUNTED, 
(4) THE UNITS ON YIELD, AND (5) THE SIZE AND PRECISION 
REOUIREMENTS FOR ANY PARTICULAR PROBLEM. INTERESTED 
USERS SHOULD CONSULT: 

UNIVERSITY OF HINNESOTA, COLLEGE OF FORESTRY 
STAFF PAPER NO.8, A FOREST REGULATION SIKULATOR, 
~Y T.E. BURK AND D.U. ROSE(1979). 

'**END OF INFORMATION* •• 

ARE lOUR DATA ON TAPE12 ? lES 
no YOU UANT THE ABBREVIATED OUTPUT 1 YES 
AGE CLASS UIDTH TO BE USED(KULTIPLE OF 5) ? 10 
UHICH SPECIES'ARE YOU CONSIDERING 

I.RED PINE 
2.ASPEN 
3.UPLAND OAI( 

l' 	2 
NUMBER OF STANDS? 15 
AGE AT UHICH HARVESTABLE YIELD FIRST APPEARS 1 15 
ROTATION AGE? 50 
MINIMUM CUTTING AGE ? 40 
ANTICIPATED STOCKING(DECIKAL) UNDER MANAGEKENT 1 0.75 
AUSTRIAN FORMULA ADJtJSTKENT PERIOD '? 30 
INTERVAL TO REEVALUATE ALLOUA8LE CUTeA.C.) ? 10 
NUMBER OF TIMES A.C. IS TO BE REEVALUATED ? 2 
UHICH CUT DETERMINATION OPTIONINUHBERI 

1.TABULAR CHECK 
2.MODIFIED BARNES 
3.AUSTRIAN 
4.CHAPHAN 
5.HUNDESHAGEN 
1>. VON MANTEL 

'? 	 1 
IS 'STOCKING'(I)PERCENT OF NORMAL OR (2)ACTUAL VOLUME? 1 

**************************••••**.****.*******.*******. 
IN THE OUTPUT THAT FOLLOUS 'UNIT' IS CORD UOOD VOLUHE 
,*******.****************.**************************** 

DISTRIBUTION OF GROUING STOCK AT YEAR 0 

AGE SITE AREA YIELD/ACRE TOTAL YIELD ANNUAL GROWTH 
(YEARS) 1FT) IACRES) CUNITS) (H.UNITS) (UNITS) 

80 65. 121>4. 14.381 18.178 146.25 
70 65. 2766. 19.817 54.815 595.19 
60 61. 1941>9. 14.671 285.63 4331. 8 
50 63. 23431>. 14.748 345.62 JB30.0 
40 64. 15404. 17.321> 266.88 9994.7 
30 65. 2971. 9.8182 29.170 2141.1 
20 62. 8842. 3.0212 26.713 5446.6 
10 60. 17981. 0 0 199.64 

TOTAL 92133. 1027.0 30687. 
DESIRA8LE 1180.7 490J:). 

ESTIMATES OF ALLOUABLE CUT 
HUNDESHAGENS = 49750.851>2 UNITS 
VO~MAWTELS; 58681>.4003 UNITS 
CHAP MANS ; 33378.3624 UNITS 
AUSTRIAN = 2551>3.2224 UNITS 
MODIFIED BARNES; 42542.2804 UNITS 

ALlOUA8LE CUT FOR YEARS TO 9. 

DISTRIBUTION OF GROUING STOCK AT YEAR 10. 

AGE SITE AREA YIELD/ACRE TOTAL YIELD 
(YEARS) (FT) (ACRES) (UNITS) (il.UNITS) 

1>0 1>3. 22253. 17.1>92 393.68 
50 64. 15404. 23.184 357.12 
40 1>5. 2971. 11>.586 49.271> 
30 62. 8842. 10.268 90.787 
20 60. 17981. 2.7433 49.328 
10 65. 11538. 0 0 
0 1>0. 13144. 0 0 

TOTAL 92133. 940.20 

DESIRABLE l1BO.7 


ACRES CUT IN PERIOD = 24682 

ESTIHATES OF ALLOUA~lE CUT 
HUNDESHAGENS; 45545.4423 UNITS 
VONKANTELS = 53725.61>95 UNITS 
CHAPHAHS = 40087.2052 UNITS 
AUSTRIAN = 26482.3674 UNITS 
HODIFIED 8ARNES = 47703.8292 UNITS 

AllOUA8LE CUT FOR YEARS 10. TO 19. 

DISTRIBUTION OF GROUING STOCK AT YEAR 20. 

AGE SITE AREA YIELD/ACRE TOTAL YIELD 
(YEARS) iFT) (ACRES) (UNITS) IH.UNUS) 

1>0 64. 14231. 27.849 396.32 

50 65. 2971. 22.194 65.938 

40 62. 9842. 17.345 153.31> 

30 60. 17981. 9.3234 167.64 

20 1>5. 11538. 1>.0623 69.948 

10 1>2. 24554. 0 0 

0 61. 12016. () () 


TOTAL 92133. 853.21 

DESIRA~LE 1180.7 


ACRES CUT IN PERIOD : 23426 

DO YOU UISH TO REEVALUATE A.C. FURTHER? NO 
DO YOU UISH TO RERUN UITH NEU CONDITIONS ? NO 

.821 CP SECONDS EXECUTION TIME 

40570 UNITS/YEAR 

ANNUAL GROWTH 
(UNITS) 

~5970. 5 
8-)90.6 
1845.4 
1>663.9 
1005B. 
1864.5 
7.8018 

34500. 
46792 • 

45499 UNITS/YEAR 


ANNUAL GROWTH 

WNITS) 


6010.4 
1493.8 
5743.4 
12305. 
10391. 
8976.7 
7.5492 

44928. 
51259. 
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Model Application Example 

Application of the model to a 
real inventory situation will be il
lustrated in the following. The 
purpose is to show differences in 
the various control methods and to 
point out potential shortcomings 
in the models. 

DESCRIPTION OF DATA 

Aspen inventory data for the 
Bear Island State Forest, situated 
northeast of Ely, Minnesota, in 
Lake and st. Louis counties, were 
obtained from the Department of 
Natural Resources 1978 Phase II 
inventory. This inventory consists 
of 320 individual aspen stands. 
Stands were chosen to illustrate 
the present condition of aspen on 
many state-owned lands and the 
need for regulatory management 
techniques. Figure 5 shows the 
very irregular nature of the age 
class distribution of the present in
ventory. About 77 percent of the 
total 10,020 acres are between 40 
and 69 years old. Five percent of 
the acreage is in stands 70 years 
and older. leaving only 18 percent 
in ages 1 to 39 years. The ages, 
acres, volumes, and site indexes of 
these stands were supplied as in
put into the regulation simulation 
modeL 

PROCEDURE 

Six volume regulation methods 
were applied to the aspen inven
tory over a 200-year simulation 
period. Annual allowable cuts 
were recalculated at ten-year inter
vals. Three model outputs were of 
special interest for comparison of 
the regulation approaches: a) al
lowable cut levels, b) growing 
stock levels, and c) age-class distri
butions. Initial stand conditions 
and input parameters were identi
cal for each method. The input 
specifications were as follows: 

Number of stands = 320. 
Age at which harvestable yield 

first appears = 15 years. 
Rotation age = 50 years. 
Minimum cutting age = 40 

years. 
Length of adjustment period 
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10,020 acres 

Total volume: 238,349 cords 

Volume/acre: 23.79 cords 

Basal area/acre: 74 ft 


Ten-year Age Classes 

Figure 5. In~tial age-class distribution of aspen covertype, Bear Island State Forest, 
Minnesota. 

(Austrian formula) = 20 
years. 

Interval at which allowable cut 
is reevaluated = 10 years. 

Number of times allowable cut 
is reevaluated 20. 

Stocking for young stands = 
.55. 

Anticipated stocking percent 
under management 80 
percent. 

A stand growth model for as
pen based on the attached 
yield table (Table 6) by 
Brown and Gevorkiantz 
(1934). 

Discussion and Results 

To summarize the more inter
esting results, a graphing and 
plotting package developed at the 
College of Forestry was used to 
draw graphs of allowable cut and 
current growing stock and histo
grams of age class distributions. 

Under each of the regulation 
approaches, nearly regulated con
ditions were obtained after about 
80 years. Allowable cut levels sta

bilized at about 6,000 cords and 
show relatively small differences 
after growing stocks became more 
fully regulated (Figures 6 and 7). 
Hundeshagen and Von Mantel are 
distinctly different in that initial 
allowable cuts are much higher 
than for the other procedures, re
sulting in initial overcutting and a 
subsequent rapid drop in allowa
ble cut levels for about 20 years. A 
possible explanation is the lack of 
any consideration for growth of 
the inventory in determining al
lowable cut. The Austrian formula 
also shows a considerable decline 
in allowable cut initially despite 
its incorporation of growth into 
the formula. Since current peri
odic growth is relatively small for 
the largely overmature inventory, 
it did not greatly influence the al
lowable cut initially. On the other 
hand, Chapman's model, which 
uses mean annual increment at ro
tation age, shows no drop in allow
able cut over time. 

Generally, all control proce
dures appear to do a favorable job 
in achieving full regulation. On 
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the other hand, the initial fluctua
tions of the Von Mantel, Hundes
hagen, and Austrian formulas 
make these models possibly unac
ceptable in this and other situa
tions. One reason of the acceptable 
long-term behavior of these mo
dels is the periodic reevaluation of 
allowable cuts which the original 
control methods had not foreseen. 
With the speed and flexibility of 
a computer model, frequent up
dates not only are easily made, but 
also improve the performance of 
otherwise inflexible models. A 
second reason why some of the 
more inflexible models such as 
Hundeshagen and Von Mantel ap
pear reasonably acceptable over 
the long-term in terms of achieving 
full regulation is the use of normal 
yield table data for growth projec
tion with only a possibility of ad
justing the percent of normal 
growth that would be achieved by 
a stand. More precise approaches 
to growth projection could be in
corporated into the model to ob
tain more realistic results in this 
respect. However, the method 
used in this model more closely 
reflects the procedure which many 
forestry enterprises use today to 
project future stand conditions. 

Growing stock (Figures 8 and 9) 
in all cases shows a decline in 
about the first 20-40 years of the 
simulation and, then, a general 
increase to stable. long-term equi
librium conditions. Differences 
between growing stock levels are 
substantial. Von Mantel and Hun
deshagen result in substantial 
overcutting initially and a subse
quent long and slow build-up to 
sustainable yield levels. Von Man
tel reaches stable growing stock 
levels far below all other ap
proaches. Since it maintains simi
lar allowable cut levels. this 
implies that younger age classes 
must be cut to maintain the cutting 
level. This result is illustrated in 
the next set of figures. 

Age-class distributions were 
obtained for each to-year interval. 
Figures 10 and 11 show the age
class distributions for year 0 (ini
tial condition). year 10, and every 
30 years thereafter for the Tabular 
Check method. 
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Figure 10. Age-class distribution, Bear Island State Forest. 
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The effects of the regulation proce
dure on regulating the severely 
unbalanced forest within a reaso
nable short time period is appar
ent. The distributions are similar 
for all the other methods except for 
Von Mantel and Hundeshagen. 
For the former, cutting into youn
ger age classes occurs to maintain 
allowable cut levels similar to the 
other methods from a lower grow
ing stock volume (Figures 12 and 
13].1 

Summary 
We have shown that the appli

cation of volume control proce
dures to inventory data over long 
planning periods is essential to 
gain insight into the long-term sus
tainable yield of our forest inven
tory. 

The simple formula ap
proaches to timber regulation, 
specifically Hundeshagen and 
Von Mantel, have been widely cri
ticized as being inadequate be
cause of the inherent assumptions 
of a normal forest. More modern 
regulation models such as Timber 
RAM (Navon 1971), a linear pro
gramming approach, or ECHO 
(Walker 1971), an economic har
vest optimization model, have 
been introduced to replace old for
mula approaches. 

There are at least three reasons 
why the formula -approaches still 
have merit: 

1. They provide simple, fast 
estimates of allowable cut; some of 
the modern regulation models are 
very complex and frequently are 
not understood by the forest on the 
ground. 

2. If current harvest levels are 
known to be far below allowable 
cuts, the optimization of cutting 
levels is far less critical; it is 
important, however, to gain an un
derstanding of the long-run sus
tainable yield of an inventory after 
full regulation has been obtained. 

3. Formula approaches can be 
shown to work satisfactorily in 
achieving full regulation if allowa
ble cuts according to the various 

'The average scaled cutting volume of aspen over 
the last 5 years has been 1.135 cords. 

formulas are recalculated at reaso
nable intervals, e.g., 10 years. 

The selection of a specific regu
lation model depends primarily on 
the objectives of the forest enter
prise. Equally important, however, 
is the knowledge of how imple
mentation of calculated allowable 
cuts will change future forest in
ventories in terms of growing 
stock, growth, and age-class distri
butions. 

This question can be answered 
for a specific inventory by simulat
ing allowable cut calculations and 
implementation over time. It is ap
parent from our simulations using 
the Bear Island aspen inventory 
that the regulation models with 
the most restrictive or simplifying 
assumptions, i.e., Von Mantel, 
Hundeshagen, and Austrian, led to 
severe fluctuations in the allowa
ble cut which could be unaccepta
ble to the manager for a number of 
reasons. If we followed Von Man
tel, we would have a cut the first 
decade of 50 percent above sus
tainable yield levels, followed by a 
drop two decades later to two
thirds of sustainable yield levels. 

All models over the long-run 
led to stable conditions. It is im
possible however. to predict the 
behavior of the models. especially 
the more restrictive ones, for dif
ferent initial inventory conditions. 
The simplicity of the formula 
approaches to allowable cut calcu
lations was one of the most impor
tant reasons for their use. With the 
availability of computer programs 
like the one presented here, it is 
possible to first examine how vari
ous regulation models will affect 
growth, growing stock, and cutting 
levels before selecting a specific 
approach. More importantly, with 
the availability of this program, 
there is little reason to not use the 
superior Tabular Check procedure 
for calculating the allowable cut. 

Our example has shown that 
current allowable cuts for aspen in 
the Bear Island State Forest are far 
below cuts desirable for achieve
ment of regulated forest condi
tions. If full regulation within a 
reasonable time period is an objec
tive, increased harvest would be in 
the interest of the supervising 
agency and would contribute to 

the solution of silvicultural prob
lems posed by an overmature 
aspen inventory. Calculation of re
liable. long-run sustainable yields 
has also become more critical re
cently because new and substan
tial future demands for timber are 
becoming apparent. While current 
demand for aspen in still below 
desirable cutting levels, recent de
velopments could bring about sub
stantial increases in the demand 
for aspen and other hardwoods. 
Several timber companies have 
announced plans for or have be
gun construction of waferboard 
plants which will increase utiliza
tion of the hardwood resource. De
mand increases will be substantial 
and provide a great opportunity 
for forest managers to speed up the 
job of regulating unbalanced tim
ber inventories. The availability of 
this powerful simulation program 
should facilitate this job greatly. 
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