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Development of a Model for 
Simulation of Forest Regulation 
Techniques 1 

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. Recknagel, 
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 bv 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 vield 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: 

·~ aupportcd by the College of Forestry 
ud a University of Minnesota Educational Devel­
opm..it Gnlnt 

- 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 
conslraints 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 
he 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. 



Figures ta and tb illustrate a 
normal forest. 

From this model the following 
relationships can be developed: 

G1 growing stock. of age-class 
i. i 1.2 .... R 

where 
R - rotation or age of oldest 
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Y 1 = growth of age-class i 
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RtGR) == 2l':Gt, i.e., cut during 

i = 1 one rotation 
is twice the 
nonnal 
growing 
stock. 

These relationships should be 
well understood before continu­
ing. The cut regulation techniques 
to be disc..ussed 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: 
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--Objectives of manage­
ment. 
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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 principlP that. if 
the actual volume of the forest is 
Hqual to the desired volume and 
distribution. then the actual vic~d 
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 desin~d level, the cut iz; 
kept below growth to provide for 
the accumulation of additional 
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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 RA~,1 (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 thev 
require knowledge of operation-s 
research methods by forest manag­
ers and access to a computer. Such 
techniques also typically require 
more inventorv information than 
the first three approaches. 

It is important. therefore. to be 
familiar with some ot tht' simpler 
cut &:::termination 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 cf growing stock 
and growth. It is the intent of this 
paper to introduce these models ( 1 
to 3 above) and to provide illustra­
th•e examples. These examples 
will serve to highlight advantages 
and disadvantages of various 
methods. and point to some of tht~ 
major factors that should bH cun­
sidE~red in their selnction. A com-



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. cuttjng in this manner is 
quite logical. 

As an example consider the fol· 
lowingsituation. A 1.600acretract 
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 ~t 
utilized if it were regulated at the 
earliest possible time. Proiocted 
BU1rket conditions are such that 
any cutting schedule u:;ed during 
rotation one will not alter the sup­
ply-demand relationship. Area 
control techniques seem to be 
appropriate in this situation. A ro. 
tation ap 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 i1 regulated. 

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

Stand A. 

Age. 80 
Acru: 700 
Stodring: 90% 
Site: 65 

I. Acres per age class under 
regulation assuming equal 
site productivity acres/ro­
tation age t ,600180 :;;: 20 
acres. 

The procedure must be modi­
fied when different sites and 
stocking levels are present to ad­
just for differenL'(.-S in productiv­
ity. The aim is to get areas of equal 
prod~.!ctivity rather than equal sur­
face area. The quesUon that must 
be answered is: how much acreap" 
should cut annually to int>dm 
uniform volume production after 
rotation one? 

II. stand 
A. 
R. 
c. 

Yield per 
acre at ., ... 

fi.280 ft~ 
3.199 ftJ 
8.165 ft:5 

T ... 1. Yleldperwe~by-andsite ..... "1,..,...1ll9d..._. 
........ pine ...... in-··*·' 

40 
IO 
80 
70 
80 
90 

100 
no 
120 
130 
140 

.. 
1,413 
2.017 
2.411 
2.-
3. t • 
Ull 

1.283 
2.142 
2.114 
3.177 
4.1G 
4~123 

_ .... 
1.743 
2.910 
uu 
4.llO 
1.121 
1.ao 
UM1 
7.321 
1.741 
1.111 
1.442 
1.m 

u• 
3.181 
6.141 
fU19 
1.l11 .. ,. .... 
1.123 

10.011 
tG.llJ 
10.JtJI 
1UU 

III. Average productivity 
weightt ' by acres: 
= (6.280 {700) + 3.199 

{300) + 8,165 (600})1 
1.600 

::::; 6,409 ft 3 . 

IV. Areas of equal productiv· 
ity (acres cut per year}: 
A. (6,40916.280) x 20 = 

20.4 acres. 
8. (6,409/3.199) x 20 = 

40.1 acres. 
c. (6,40918.165) )( 20 ::= 

15.7 acres. 

V. Cutting time per stand: 
A. 700/20.4 .:i: 34.3 years 
8. 300/40.t :=;: 7.5 years 
C. 60n 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 
1tands will be cut from oldest to 
youngest. i.e. A. C. 8. 

VJ. Average ap at harvest: 
A. 80 + 34.312 97 

years. 
c. 60 + 34.3 + 38.212 

113 yttars. 
e. 40 + 34.3 + 38.2 + 

1.512 116 years. 

VII. Volume harvuted (per 
year) in rotation one:' 
A. 7.187 x 20.,4 x 0.90 

t3UNi M ftl. 
c. 10.222 x 15.7 )( 0.15 

136.4: M ftA. 
B. 4.062 )( 4'v. l x 0.80 

130.31 M ft~. 

VIII. VoJume harveated (per 
year) in future rotatlonl: 
A. 6.280 x 20.4 x 0.90 

115,30 M ftl. 
c. 8.1&5 )( 15.7 )( 0.90 

115.37 M ft'. 
B. 3.199 x 40.1 x O.IO 

115.45 M ft"'. 
There are a number of aclYa· 

and di1sadva.._ the.._. 
mai11a9er sbtoold be •ware of wta. 

... control. Davia 
fol.lowi111: 

VOliUDlle CUI is die •Nf, 
qe per unit of .,.. 
multiplied by the _.. c•t. 



-Area control applied to an ir­
regular forest ~!ld strictly fol­
l.owed yields ir~~lar cuts 
in volume. size. and ~ntalitv 
of timber. · 

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

-An approximately uniform 
~ nnu1I cut in rotation one 
cannot be obtained from an 
irregular forest by strict area 
control. 

- 1 "'" procedure is simple and 
dtKect. 

-A:~eas to be cut are identified 
with areas on the ground 
(fl'lOd for silvicultural con­
sideratiom ). 

- It is particularly suited to for­
e&ts oompoHd 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 explic:itb 
considered. 

• 
Volume Control 

ln volume control the cul i1 dtt­
temdned by the conditions of the 
existing powins stock and often 
the powth of the lfOWIDfl stock. It 
mould be noted that: 

'"-Molt volume control metb· 
00. provide u approximate 
tialimete wbich ia applied for 
a lhort of Sime 
then a.erva111.1!t1d. 

VON MANTEL'S AND 
HUNDESHAGEN•s 

-Both are very simple to 
apply. 

-Neither consider whether 
present growing stock is de­
sireable. 

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

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

t. Vot1 Mantel Formula 
a) Von Mantel formula is a1>­

plicable if age class distri­
bution is approximately 
normal. 

b) Irregularity can exi"t in den­
sity of stocking. 

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

d) Best results are obtained if 
cubk measure is used. 
Y.. actual vield or allow­

able Clit 

actual growing 

R rotation "If' 
G.. actual Wllume of growing ••:k 

2G or "W~t 
~-· 

a adtu1tment period 

tables. bt?ars to its growing 
stock. 

Expressed as a proportion: 

.h= Ya Y 1 · Id G G 11 = actua yae . 
• R G .. = actual growing 

stock. 
YR = growth or yield 

in a fullv 
stocked forest.· 

Gw growing st(){:k 
in a fullv 
stocked forest.· 

Consideration of the growth of 
the growing stock is incorporated 
in a number of volume regulation 
models. Gcnerallv. these models 
are superior lo the ones which 
ignore growth. It should be under­
stood. however. that the deh,rmi­
nation of the growth is one of the 
most difficult measuremtmts in 
forestry practice. A discussion of 
the measurement of growth can ht' 
fou11d in C:..napler 4 of Da\·is (1966) 
and Chapter 16 of Husch. Miller 
and Beers (1972). 

fa.ampl68 of allO\nble cut for­
mulas which modih· increment 
with srowi111 1tock. information 
are. 

3. Allltriaa 

AC 

I 
a 

r:urrent annual increment 
number of yean in adjust­
ment period. 

a 

C-"Reduce or inc ..... the cut lo 
build up or reduce averap 
growiq stock level. 

"'-Belter than Von Mantel and 
Hundeshaaen in irregular 
<:onditiou tqe). 

~,,,Beat when growiftl 1tock 
COAailtaof eve11~ MJCORd 
growth stands. 

-Asaume balanced stocking. 

... a..,. ••.• 
AC le+G,-!!J 

R 
L MAJ at rotation 

L Tiie .._ ............. . 
......... ~a.ck 



Dames (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 Etn­
nuaJ 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 est.imute of allowable cut 
(Barnes, 1951). 

To calculate allowable cut, the 
following stops are required: 

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

2) net.ermine average <;ut­
Ung age. 
~If a fore1t has a ··nor­

mal" di1trtbution o' 
aae du.es then aver­
age age of growing 
stock is R/2. 

·-As an approximation 
to actual average cut­
Un1 ap we use: RA 
AG·+.R/2. 

3) Compute average 
weighted (by a<:res) 
stew.kins over au stands. 

4 J AC I normal volume/ 
acre at RA for average SI) 

stoc,kin1 x ~ 
We wUI call this allowable cut 

the ••modified.. Dama esUmate. 
(Dames doac:.ribes a 11i1htly more 
cumbersome estimate.) In the pro­
cedure recommended by Bamea. 
this allowable cut ··...-·· be~ 
Comet the starting point of •n ii«· 
alive proceu ~ to refine 
the ........ and derive• better-.. 
Umate of allowable cut. With thll 
ostlm1tte the s&tm the lndivid.a 
cuttlnt tlmea of all in the 
inventor)~ nm 
IW.thNt DJ'GCell to be dellatttMMI 
nat is u the T•t.r 

Of .... Metllod. 

b) The summation of the 
individual cutting times of 
each stand for the siven 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 
ti me 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 al! NY 
trial cut 1 

3) Calculate average age 
at harvest 

NY current age + --y-1 
AG, 

where: i 1. 2. J •... indicates 
the step mached in 
the iteration. 

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

S) Recalculate years to 
cut from stand 

yield al 

!!!_AG· 
lflalcu1 NY,·,. 

6) If (AG~ AG, .. , 
so.01 J start at step 1 
for next stand where 
0.01 la an arbitrary 
stopping level which 
defines accuracy of 
the cutti111 time. Use a 
~•artins op lor next 
stand: stand 9 + 
NY, I• 

7) Otherwise flO t.cl to 
ltep 3. 

811DN!atl illustration of thi• pro. 
in FilUJ'I' 2. We,. 

thenlcn. approach a "''true"' cut­
tt111 time by usias increuingly ac­
cllNteNttmatea of volume at aver­

With a..,.. awrt­
out 

Excurs: lntorpolation in the 
yield table. e.g .. 

SI 90 

~ 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 
vield function: 
· v.......... _ v + tactual •r - em 

- - •· 
60 '70·60) 

Of 

(V10 - VCKJI 

" .. ~ .. 62.98- ~ 
.ouu 10 

(5,627 - 4.860> 
5.088 ft3 

v.,. 6.4088 S' 83428 •• U.A 

5, 101 ft3 using S ,, 65 
A 62.98 

Once this prt)(:edurn has been 
carried out for each stand using the 
initial trial level for allowable cut. 
an estimate is obtainnd of the sum 
nf cutting times ovt'r all stands. If 
thf' sum of cutting times is not 
equal to the rotation. a nt:!W level 
for the allowable cut is set and a 
n«tw cutting time iteration. stand 
b\· stand. is started with th" new 
c;utting level. Obviously. if tht! 
sum t>f cutting times is gntater than 
mtalion ap. our next gut•s1 should 
he lal'lt'f than the initial and corre~ 
1po11din1ly smaller if the sum of 
cutting limn is less than rotation 
qe" 

This iteration is t:ontinued un· 
til the differenc:e between the sum 
of c:uUing times ovt?r all stands and 
nltaUon • i1 "8lli1ible. To find a 
cuHing lttvel whkh \\'ill ultimately 
make this difference equal or dtJSe 
lo mn.1. an effit:.itMit iteration tech­
nique •w;h u Newtoa-Raph1ea <H 

iatenal ..... should he u.sett 
, ... i.LlllllN- J.4). 

Volume Control (Ill...,.._ 
lien) 



~ 
present 

age 

AG1 ::::::--..... i NY1 

I 
I 
I 
I 

~cutting 
times 

- Rotat•on 

I 
true cutting 

time 

' 

--~~-~--A~~-~--~~,..-~--~-----1 NY2 ' 

T, Trial cut 

I 

--~~~--~-
1 

AG3--~~:::::,.,~-0!~~~~--t 
NY3 

AG, - AG, . 1 constant, 1.e .. stop iteration 

b) Regulated growin3 stock 
volume GM. 

c) Yield for regulated grow­
ins stock condition YR· 

d} Current annual incre .. 
ment (CAI). 

e) Mean annual incre~nt 
at rotaUoe ¥IMAI.}. 

Flpr93. ~IWattonofdetennlnlnl allowabl1cutwith 
theTabutafCheck. 

~cutting 
times 

- Rotation 

\ T, . ., 

T, 

2 

1, 2. 3. 4 .. trial level 

T, 
Trial 

.................................................. .. .,....... ... 



( t) Actual growing stock volume G,1: 

Gri 6.2eo x o. 90 x 700 + 1.483 x :mo x o.ao + fi.319 x o.85 
x 600 =~ i.535.010 ffi. 

{2) ReguJated growing stock volume GR (yield table summation) 
Need to calculate averagfl weightud site index Slw 

Slw = {65 >< 700 + 75 x 600 + 45 x 300)i1 .HOO = 65 
GR Glio :.-:" 10 ( 1.74:1 + 2.910 + 3,959 + 4.8fi0 + 

5.627 +~-~~~_QI~ 
222.:190 ft'• on 80 acres 

or 

222.:JHO ~.:.i~P = 4.447,800 ff 1 on umo acres. 

Oftnn managers have evidence that their stands are not growing at the level 
indicated in the yield table roquiring an adjustment of GH obtained from a 
yield table. Assume that the grmvth of the inventory is at 90 percen1 of the 
yield table. then desirod growing stock volume after regulation would be: 

GR = 4.447.800 x 0.9 = 4.003,020 

(:!) Yield for mgulated growing stock 

vR YHo = n.2so x . 1 ~v~! )( o.no = 1u.040 ft'. 

(4) Currnnt annual im.:mment. 

~-Calculate derivative of vield function for each stand in its currPnt 
condition and sum over all stands. 

Red pine vieJd. 
y 6.4088SJ 1 1114

:.! 
e--f)l 'i'l.f.11-w 

CAI ~, ___ jy __ = 

d Age 

Giving CAI for fully stocked stands on a per acrn basis 

Stand 

r\ 
B. 
c 

Tola I 

HO 
40 
tiU 

<::\I 

hO '.48:! 

57.0H> 

lOIUJOl 

(:Al • m rt>~ • stm 

on :mz "' iOO > 0 ~KJ 

:17 Jllfi • 300 • 0.80 

1 ua.on l "bOO · o.85 

lOfi.805 It' 

Alternative method: Calculate CAI for awrage age-site-stocking combina­
tion. 

a) Average weighted age: Aw 

Aw .:;;;; {80 x 7GO + (JO x fiOO + 40 >< :JOO}il .eoo -' 65 years. 
bJ Avorage weighted stocking: 

Sw :;;;: (0.90 x 700 + 0.80 x 300 + 0.85 x 600)l1600 = 0.86 

c) Average weighted site index Slw 
CAI for Aw. Sw. and Slw would be misleading because of sevcm 
nonlinearity of growth curve. but sumly is luss work. 
CAI IAw. Sw. Slw} ;;:;,. Fi94.~l59 x 65 1 'u.12 x 

c-•H :"1:•4 M}/652 1 0.86 76.59 x 0.8(} = 66.06 ftJ 1acre or 
a total of 105.696 ft,.. 

Nute that the first method is preferred especially when widely dift'er­
ing stands are being considured. 

(5) 1'1rum annual increment at rotation age {and avtmige SI}: 
MAIR !!_~Id at age Bp f~!! .. §Iw =--~ 

80 

To find appropriate a valuo for 
the current forest multipl~· b~· 
acres and Sw: 

MAIR = 78.5 x 1.fiOO x 
0.86 = 10fU30 ff' 

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

Summary of information: 
Ga = 7 ,535,010 ff1 Slw = 65 
GK ;:::; 4.003JJ20 ft i Sw = 0.86 
YR -= 113.040 ff1 Aw = 65 
CAI =: 'J06 .805 ft I 

MAIR = 108,330 fti 

Von Mantel 

AC=-~ G,1 = ;
0

(7.535,010} 

::;; 188.~175 ft·1• 

or 

AC 

Hundeshagen 

A ,, ... YHc· 11:J.040 7 .... >5 010 c - 'c~R 1
' 1 4.00Tfl20 .~,J. • 

.:.::. 2)2.779 ff I 

Austrian Formula 

AC :.::. CAI + .G .. _____ §R ::.;; 106,805 + 

AC 

AC 

a 
7.535.010 4.00:1.020 ------------- --:tt-T __________ _ 

-= 224.538 ff1 Jssuming :m-
year adjustment period. 

Chapman's t~ormula 
Ga·- GR MAIR +- ---R~·-· 

108,330 + 
7,535.010 - 4,003.020 

80 --

::;; 152,480 ftJ. 

Modified Barnes Formula 
AC :; yield at average cutting age 

times average weighted den­
sity. 

Average cutting age RA 
Av11· + R/2 65 + 8012 ;;: 105 
yield at age 105 
(and average Slw = 65} ;;: 7542.4 

Ac 86 1,600 = = 7.542.4 x 0 .. x RO 

130.106 ftJ. 



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 ft 3

• 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 ft 3

, 

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 ff1 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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T...._ 3. T..,., check. second Iteration. 

Sa Stocking Present Present Volume Cutting Time 
Stand mQel( Percent 

Average Age Average Volume 
Age ffotaO at Harvest at Harvest Ac:es Per Stand Cumulative 

"' 
1•1{=)/2 4 ,,,.3 "'1.0Si )C .10 1'>100 'S '141147 '1'4"41 131 2 3z,.2, 

OM 6.'lfO X C>to 

A so ""100 Jl-1. 1.1'-&S >' .'\Ox 700 :: #IS"•I 32..7 
to + - • 1'.·J ""'' I'"=~·" 'L 

1~ ,,~ 

'IO-t n.w ::l ,.., - 1.1S'4 lC .10 x 7oo -::. "1'1''- '4So<o/ na • 31.·7 l.. 

1G 0.95 f.0 If. °'-'1 wo.fS" C\t:t -t (*'~ji.)/1 = 101.s 10.0't'J v. .t; ""°-= Slt..2. s12:z.fr3t = 31. ' 
,, .. , 

.,.. >' ,00 11·'/,_ 
..... 

c 3Z..1. 12:J -+ :::. IU.3 10.11" ¥ •• S' 'lt6'00 :S•6'1 ''"/rst: 11.5 3?.S"" 

<.Oo 12:1 'l•t.• '1-1 .... 37.s/2 = Uf .'f 10. '"'l o,c .ts l( 600 • sn3 SJ1J / 1Jt: '11.s -:::. 10·'2.. 

'45 0.-10 ~o '3.'\a.l'l " o.to c441.ct )A "f.0&'1 lC .jO dOO 2 , ... "'" "3'1 ::. 1.0 
"10·2. 

.... a 3oo llO.L "' l1i 2.: 113.• ..... 
8 10:2.. 

..,.o 
~o : U0.'2. 'l'f 7.'l 110.i. ... "'Ii.. :. 111.1 l.f .011 JC .fo "'co = 9~6' 'N>4 /aJ\ -:: 7.0 : "17.2 

Table 4. Tabutar check, final lt..-.tion. 

Site Stocking Preeent Present Volume Average Age Average Volume Cutting Time 
Stand Index Percent Age fTotaH at Harvest at Harvest 

Acres Per Stand Cu mutative 

65 0.40 Et·l.tO >' O.CfO IO -t- (~:=) /2. : 1&t.I 7.011 lC ... o, 1d0: '1'460 .,"60/1)«1 :. "1· 1 

A ~o )C '100 
10 ... 'JJ.1 / .z. .: 1•1t 1.1 .... ~ .,o w 100: "51'1 ... ,,, / 11-I = 3S. i 33.S 

'100 
31S" 1i3·1 /z. ':' 1f,.Cf "fnl / n&t c n.' '° .. 1.190 • .4ow 100: llS'.Z.\ 

1S 0.15 
f,O 

1.tifl•0-41S' 'lJ.t.-r("~~)Jz. 'C 111-2.. ••·rt,. ~ .ss,,-~ -: .s141 S1•1 l11'-I: 341.6 
,,., 

.... .... 
c 31.~ ~900 "IS.S .+- H·•/'1. = 111. I JO·f.19 >C ·'IS lt'600 :: ~z.t~ 5us /as.,: ,, .q "J1.0 

'1t>o -= 1s.43 ..... ,. .,., + ''·"/i : ''3·'3 f0.2.l'f ~ .f>S V60() : 52.14 &i:14 / IJ4'-: ,._. 0 ::. '11.." 

14,; o.co 'to 'l-000 l' o.to 111.·' •(":W)/i. -:.116.'I 1.4.0'1 l& .101'3o0 -=176 0rtt>/rs,,, = 7.'S '11. •• 
... .... 

8 1z..• )C100 1.J 
300 ... 111.-t QbO ru .. t -t 

7·'/i. : 116."4 "f.010 " .,o •loo : 117 .. .,, , , .. ., : 7.3 :: to. I 



Table 5. Summary: volume control r.-ults. 
~~~~~~~~~~~~~-~~~~ 

Stand Acres Age 

A. 
8, 
c. 

700 
300 

80 
40 

Site 

65 
45 

Stocking% 

90 
80 
85 

Slw "'' 6S; Sw"' 0.86; Aw ~ 6& Von Mantel AC 188,375 or 301,400 with a'~ 30 
G1 $ 7,536,010 
Gl'I ""4,003,020 
Y11 113,040 
CAI 106,805 
MAl11 IT 108,330 

Hundeshagen AC= 211,779 
Austrian AC"' 224,538 
Chapman AC ,~ 152,480 
Modified Barnes AC 130,106 
Tabular Checi< AC·= 134,000 
All volume units in ff.I 

Table 6. Yield per acre (ft3 , by age and site index of fully stocked, even­
aged, pure aspen stands in the Lake States.1 

Stand Site index ... 40 50 IO 70 80 

20 39& 575 777 1,001 1,248 
30 855 1,235 1,668 2,151 2.681 
40 1,253 1,810 2.445 3,153 3.929 
50 1,575 2,276 3,075 3.965 4,942 
60 1,836 2,653 3,583 4.621 5,759 
70 2.048 2.459 3,997 5,154 6,424 
80 2.223 3,211 4.338 5,594 6,972 
90 2,369 3,423 4,623 5,962 7.431 

1Value11 found from the t1<1uat1on. 
Vield""S.9836 S' MMe«>•,.,. 

where· S "site index 
A cage 

Base data are from Table 154, Brown, R. M and 5. R Gervorkiantz 1934 "Volume, Yield, and Stand 
Tables for Tree Spec1n in the Laite States." Univeuutv of Minneoota Agricultural Experiment Station 
Techmcal Bulletin 39. 208 pp. 
Yi#ld is total cubic feet per acre excluding bark for aH trees 10 inches dbh and larger 

Table 7. Yield per acre (tt3) by 1199 and site index of fully stocked, even­
aged, second..growth upland oak stands. 1 

Stand Site Index 

-~ 40 50 IO 70 80 

25 500 661 830 1,006 1,180 
35 890 1, 176 1,477 1,790 2, 114 
45 1,226 l.620 2,034 2,465 2.912 
55 1.503 1,986 2,493 3,022 3,570 
65 1,731 2.287 2,871 3,480 4.111 
75 1,919 2,536 3,183 3.859 4,568 
85 2.077 2.744 3.445 4,176 4,933 
96 2,211 2.921 3.667 4,445 5,251 

'Value found from the equation: 
Ytekf ., 37.851 S 1 ~·.~ 4' 2 A 

where: S srte mdex 
A"age 

8•'9 data are from Teble 12, Schnur, GA 1937 ... Yietd. Stand, and Voiume T~ for Ev91Htged 
Upland Oak FOtMta .. USOA T ec.:hnicai IMtetin SIO. 88 pp 
Yield is t~ cubic feet P8f acre e-.ctuomg ~ for off trees 0 6 1nchet dbh and larget 

Simulation of Area and Vol­
ume Control T echnlques 

A simulation package \\'U writ­
ten to illustrate how different regu~ 
lation techniques will nniult in dif ~ 
ferent allowable cuts and how ap· 
plications of these cuts will lead to 
different growing stock and 
growth over time. The simulation 
model is. furthermore. useful for 

h~sting how different initial inv«m· 
torv conditions influence allow­
abl"e cut levels under the various 
formula approaches. 

The user c:urrentlv has the 
choice of three spec.:ies:- red 
pine. and upland oak l. 6. 

The user should hc:we little dif~ 
ficulty in nmning thtl simulation. 

especially if the input data are en­
tered via the terminal ke} board. 

For repeated simulation of dif­
ferent regulation methods using 
the same inventory base it is con­
Vfmiont. however. to have the 
stand data reside on a disk file. To 
create a file "ASPSTA T'' with 
stand input data for an aspen in­
ventory the following commands 
should be used: 

X, CCR. INPUT. ASPSTAT 
? 1264 

2766 
14045 
4002 
1422 

1900:J 
4433 

13849 
1555 
2971 
5993 
2849 
9925 
fi67:i 
1 ~J8:J 

75 
65 
55 
55 
55 
45 
45 
35 
:rn 
25 
15 
15 

5 
5 
5 

READY. 
REPLACE.ASPSTAT 

.238 

.361 

.3B 

.254 

.597 

.:191 

.353 

.592 

.594 

.~53 

.578 

.i6:) 

.500 

.500 

.500 

65 
65 
65 
55 
45 
65 
55 
65 
55 
65 
65 
55 
65 
55 
45 

A listing of the file is produced 
using the following commands: 
GET,ASPSTAT 

X. CCR, ASPSTAT 
1264 75 .238 65 
2766 65 .361 65 

14045 55 .333 65 
4002 55 .254 55 
1422 55 .597 45 

19003 45 .391 65 
4433 45 .353 55 

13849 35 .592 65 
1555 35 .594 55 
29)1 25 .553 65 
5993 15 .578 65 
zc- ·~ 15 .763 55 
9£L, 5 . 500 65 
6673 ~ .500 55 
1383 .500 45 



To run the program with this 
data file, study the following ex· 
ampte: 

GET,lAPE12'8f\Sf'SfAT 
JMHAG£8 

V 0 l U M E C 0 M T R Q l 
DO YOU IEE9 INSTRUCTIONS ~ ~Es 

THIS PROGR•n Sl"UlATES lNE "~ftAGEtlEIT Of PUIE, EV£NAG£8 
FORESTS FOR TIAttl 1£1EflTS. ITS PURPOSE IS JO AlLOU 
TH( USER TO STUDY THE tIFFER£1T FLOU STRATEGIES 
Pi&IJUtU VHU VAIIOUS STAnAU CUT 8£TERfUMTION IETHDDS 
Ml[ lPfLIEt TO HIS FORESr. IT IS •SSUftED THE USER 
CAH llUIIE MIS fOl£ST 1110 A FlllTE ICUllER OF UllfORft 
<UITM RESPECT TO '6£, DENSITY, AMI SITE lllEXl 
llANAICIENJ UlllTS lAIElLEI STAllS. TKRiOGHOUT A 
SIMULATION RU. THESE STAllS Al£ 'GROUI AtCORtllliG 
TO A IOllM. YIElt FUICllll ADJUSTEI IY THC STAll'S 
STOCKING PEkCEIT'lllTlAL STAllS ti NOtlEVER LOSE TM£1R 
IDEITITY AfTER flt( FIRST CUTI. AT PRESENT OIE Of 
fMl££<1£1 Pit£, ASP£1, UllA•I OA•> YlELO FUlttTlOtiS 
IAY 1£ CMOiU. 

ITKEI USER Stttlf IED llfltlATIOI 1NCLUD£5: 
(A>AI£ AT UNlCH ltAIVESTAllE YIELI FIRST Af'P£1\1S(FYl·­

TN1~ Ii SllPlf TH£ Al( AT UllCH TH( USER FEELS TH£ 
Ylllt ftHftTlll FllST PltDICTS llASGMADlE YALIES. 

illlOTATill 11£(1At--At£ Al IHUCM KAIYUT IOULt 
ALWAYS ltCUI IF TH( FOl£Sl IEIE l[G41LAT£J. 

tCJllNllUI CUTTllti Alf(llltUT>--A UAA•lli UILL 8E 
GIVEN IF STAIDI LESS TMtl TMIS 11£ A1£ CUT. 

(t)Atl1JCJP111TU SllCKIH UNKI NMIUtlMTUM)HTIO-­
THE STDCllll P£1t£1T TM£ UIEI f ElLI IS GtTAl .. llE 
UN£1 A STAii MAS t£(1 CUT 1¥£1. 

((JIMJERVAl(JM f£All) ,, Mlltl Al.LauttlE CUT IS 
IUVAlUATU«UAU--tA PtlUM UllL CUT fll( FMST 
tCCOHlll Tl 11( StfCIF lU FOIAUU IHtll' FOi nus 
IUlllR 8f f[AIS, AT UllCI Tiil A k(Vllft CAi.CUlATIOI 
Will tE .... 

tF )lUfttU 8f HftES Al.UUtU CIT IS H IE IUYALUATU 
<11£5>--Ttll lttlt(I If P(Rlltl If l(IGTH '(VAl 
fat IMICM TM£ CIT 11 JI ti -lllltlll. 

c&tCUl KTEllllAll .. lllNllCltlltfltQt)••tNf( If TN( 
STAIMU AllllAkl (.UT r•MLAS llSCllSU 11 
1111£1 ~llll T(ITS. fll Al [IACl KSCRIPll .. 
Of llOI HUS Pie&IM CAl.tUUTH EICH If fllH SU 
11£ PAl'll ltf(l(l((I Klltl. 

ILL llttUlS MY K JIUl(I UCtPT 111Clll6CSH KUU>.lf M 
UttUT HIT K Al llTHU All H EITHH AS t llM. ,M f.Mll 
llll K Pl18TD 119 A IHIUT INK Fii 11( USU TO CGIUC1 
n. 
Atlutl if Ml llf 111111 Ill Ut' N llfUf.D OICI IGU IMUl 
........ ,. , ...... H•• .. Uf.M. fU.£ rAl'tu 
PllVH'it 18 PHllM IUCUIIitUHHlll(U. 11 lACI Ctfll 
MH Al( Ht " urn ...... '" Liil. UC• UH 
tlllAIMllG JN( flU.Mlll llfllMtl~ II K-..Ch 

I .UIU II HHI 
2.• If uua 
I. HICllM Ufll If SHiii 

tflUlllUll • Pllttlli ...... StDllll 
4.Slil 11111 If IJUI 

, ... MIH If fill( 111111 .. , C8IRIWOU ll lMl cun1• 
PIUtun tUllO. tlll llf llMU• .. , • latUU .. 
KM. 81 llttlll IWKll UCUt 111(1116. •• ltOCKUlt 
ll ~ PUClll If l8UAi. • llll 'IK&lll 1111' 1£ Dfi'IUIU 
IS MUIAl H.Kll•U.l. IO K&tll1 HUU O.lti. 
111 A MU:, 1111118"1• l$ llCI Al lllUllltell H II 
'8RlltDUOI SJ•A1118 llU fl A SIKllll f'lftUl1' WI• 
1tll Al'ntfHUI IOIMl YllU ,., IU .. AU. llfU!Mf 181 
JI HM II flil·l9Mt 1111. 

fttl IKI Mt -.a tllll 111UlP HM OKI Of tulNi. 
all 1tll MMUJ&IO f- If lllttl H CMllll 
Cllll•I 11HI Slll 1111111 111tl 

- ... , M.118 ttllli lll Ql 
lil NH• M fltl IOIS ell II lll ftH&. 

IUll ftlll •u• - llll •t WUiff Uil - QA& 1111• 
•• 11 .,,., u-.n .. 11••1• ••· unt,. -.11 



aGEt AID VALU£ 11f0iftAT101 At[ PIINT[D OUT Af EACH 
STAH· S liV£Hi£ MUVUT AGE t£TUtUNU ACCORIHIG TO 
NUEltT FOUST COttJITUlll AND TH£ CHOSEM CUT llfEHllt\TlfNll 
1£TNOtttOfO. TOTAU AU AVERAGES AT AV£UG£ HAIVUT Mi[ 
All£ AL.SS &IVEi. flNAllY, A PROJ£CTEi CVTTJIG SCMEtULE IS 
OUTP~r. THIS SCMltULE l& VALID UH£1 TH£ CUtTltH; LEVEL 
1£1NG USED HAS fUlLY 1£1ULAT£D TM£ fOiESJ. fat IOTH 
1JP£S Of OUTPUT AtlOtlAILl CUT £iTl"ATES ARE &IV£• fOI 
Al.L K£TNODOLOGIES. 

11$[15 Al£ Al'O ALLOVEt ro l[[VAi.UATE tlLOIAllE CUT 
fOa YEARS Ii HJIJil)I to UHAT UAS flliT RHOUH:I 
Afft TO.flf DATA Alf SHIU Oli TAPCt2J COIWLETEU URUI 
A ,.O.lE•tWITK TH£ SA•E 5ltt1DS• ¥JTH Jlff£1E11 IIITlM.. 
SP£CIFICATIOIS. 

lH£ ,ROGRl\ft UAS URlTTll SO THAT AftlOlfE llfH A ftlMll'IAL 
AftOUIT Of PI06aA .... llG ElP£11El'E COULi EAiiLt lh\ICE A 
1U•~£R Of UIEFUl titlt16[1. THESE UOUlD llftLUBl at1 JN( 

ifltllS GtOU'i Mii AiiOCIAlEI Yl£ll flHICll016, tl• THl 
CO(ffICillIS A•ttOI FOii Of TM£ Tlltlt VAlU£ £GUllllOI, 
Ill JM( JMt£1[i1 IAJ£ IT YHICM VALU£$ Ai( tl~l[I, 
44> TN£ Ullll O• 1ltL8, Alt ,,, fNl SIZE Allt tlEC&SlOll 
IUUHtU!#TfJ FDJt 1\#1 fAftUtUl~ f'lHLU. llUUtStU 
•iERS SHOULD tOISut.T: 

UII~£Rllft Of •l1#£$0TA, £1LLEi£ OJ fta£Sfif 
iTAff PAPE~ 10. I, A fOIESJ lflULATIOt SllUt.Af~I, 
tr T • £. tutti ••• D. u. IOJl o "' • • 

•••E•t Of INFOJlttllOI••• 

ir.1£ YOUI DATA 11 Ttl'(t2 ' YES 
to YOU .,.,., lli( AHIOJAJU ourru1 " YES 
AH CLAll WllHH ll 1£ UIUCIUl.Tl'U: If $) 1 IC 
tlHICM lf'£CIU All YGU CMSIKlllii 

., 2 

1.10 ,,., 
2.Alf'U 
l.utLUt 0At< 

•Ki Of ITMH? I'S 
AH AT NICI NMWSTAkl llllt FltS1 Af'PlM'S I'S 
18JATIOlf Al( 1 ~ 

•UMlatNt un111 • ., "'° 
MftlClPATU tTO(KJlltlKCIMU .... MUG(ll(lf " o.n 
MlllllAI ,..,..,. UJU111£1t PUIOi • JO 
JftTltYAl ft l[(~U6fl 11.lOUlttll CVltA.(. 
•tU'c ., 'UtH a.c. H ,, I( tUVM.MIU 
WIUC.11 ctn KlllllMllO. OPUOtUIUl:J(U 

, 1 

t • T tltfUI t1£Ck 
2.IOJIFllt lalltl 
).IU$111AI .. ,.., ... 
5 ............ 
6.utl Mlll.L 

U '110CllM'tUrHtUI QI DMl aa ~2)1CJ• va• ....................................................... 
If tll Dlltlf fMI HU.Hi •I l H UH _,, fkHI ...................................................... 
IHlllNflll Of .. 116 Stltl Al IHI 

- UH M'':I OIUAt\C:U un-. U£U ~ --1'• 
CJUISl Ufl tKlllJ \•Uta tl .. llH6t UHIUSJ .. tS .. ., ... ...... a1 .. •1• 141.1'; 

10 .... 11-. .. n.111 s. .. ais ~ff. Jt .... ...... t4 .. 61t ai .. •1 •.U• 
"· ?MS.. H.148 )4$.62 

"· 1'*4 .. 11.Jt• !6' .. H ttt• .. 1 .... lt1' • t .. t•a 1t .. Ut if.ti ... 

"" ~- a.1111 ....... , ... Uttt .. ''"··· 
•1111. ...,.,., 

ESTl!tAT£5 CF t.&.l0YA9LE CUT 
HUNDESHA&lNS • 4~J~0.856l OMITS 
VONIAMTELS. 58o86.4vOJ Uf'Irs 
CWAf~AMS • lllll.3624 U~ITS 

AUSliIAM • 25563.2224 UNITS 
IODIFIEI ~ARMES • ~2542.Z8~4 U•lTS 

M.Li:MIAIL( cur fOI Y[AIS 9 ... 

tlSliltUTlO• Of i•Owl•G STOC« Al fEAi to. 

ASE SUE ARU HELD/AU<[ fO'.Al HELii twiUM. it\GWTH 
CYEAaS1 tfT) tACl[S) tUllTS; \A.UMlTSJ \U•llS, 

60 u. z22n. 17.ot2 191.68 
50 64. 15404. 2J. t84 357.•~ 

40 65. 2911. U.51o 49.216 
Jt 62. 1142. 10.2•1 90.787 
10 ••• ilttl . 2.?0J 49.328 
10 ''· 11n1. • 0 

() 60. U144. t 
- ~-~-·-----·~--~·~--··--~··-···-·~~--··~--~~-

I, u f21Jl. uo.io 
lhliUU !i(;.J 

Kitti CUT ltt fUIH 24612 

lSllftAf(S Of '1.L8tUtlll 
NUMt[iHAIE1$ 45,tS.442J tHtlr$ 
V ..... f[ll • 5J72S.66f$ Wiilfl 
tlAf...S • 4tt81.2t52 Ulllli 
AUiJtl&I • 16 .. ?.1614 Udlli 
alHllU Nl•U 4770J.12t2 ~•HS 

,. • •• l1.14t lt•.U 
St iS. 22.lf4 t~.tH 
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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. 

DESCitlPTION OF DAT A 

Aspen inventory data for the 
Bear Island State Forest, situated 
northeast of Elv. Minnesota, in 
Lake and St. Louis counties. were 
obtained from the Department of 
Natural Resources 1978 Phase 11 
inventory. This inventory consists 
uf 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, 1eavin8 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 re!;ulation simulation 
model. 

Six volume reguhn~~n methods 
were applied to the aspe:i inven­
tory over a 200-year simulation 
period. Annual allowable cuts 
were recalculated at ten-year inter­
vals. Three model outputs ware of 
special interest for comparison of 
the regulation approaches: a) al­
lowable cut levels. b) growing 
stock levels, and c) age-class dis' ri­
butions. Initial stand condWons 
and input parameters were id :mti­
cal for each method. The input 
specifications were as fo11ows: 

Number of stands = 320. 
."..:;::- !!• which barvestable yield 

first app~'l\l'S !IOI' 15 years. 
Rotation qe 50 years. 
Minin·nam cutb.'lg age 40 

yeen. 
Length of adjusk 1cmt period 

10,020 acres 
Total volume: 238,349 cords 
Volume/acre: 23.79 cords 
Basal areatacre: 74 ft 

Ten-year Age Classes 

Figure 5. lnltlat ...,ct ... distribution of _..,.., ~ • ..., Wend State Forest. 
Mlnneaota. 

(Austrian formula) ::;:: 20 
year~. 

Interval at which allowable cut 
is reevaluated = 1 O 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 aae 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 
.dlowable 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 
an}' 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 smaJI for 
the largely overmature inventory. 
it did not greatly influence tho 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 



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 reasqn 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 
Hundeshegen 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 prerjse approaches 
to growth projection could be in­
corporated into the model to ob­
tain more realistk 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 Band 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 ase classes 
must be cut to maintain the cutting 
level. This result is illuittrated in 
the. next set of figures. 

Ap..clau distributions were 
obtained for eech 10-year interval 
Figures 10 and 11 show the aae-­
clu.s di1tribution1 for year o (ini~ 
tictl conditionJ. ynr 10. and every 
~D years thereafter for the Tabular 
Check method. 

\;1iN-~h·iN~ r-L 
t. .. ;. MOP·"F~flN[~, 

~· fr11,iFH~N 
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Age class tabular check (year O) Age class tabular check (year 40) 

Age cla&a tabular checi< (year 70) 
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the 
within a "'a~o· 

nable shnrt time period is appar~ 
ent distributions am similar 
for all the uther meth<Jds oxcept for 
Von Mantel and Hundcshagen. 
f~or the cutting into youn~ 
ger age classes occurs to maintain 
allowable cut levt~ls similar to tlm 
other muthods from a lower grow­
ing stock volume (Figures 12 and 
n1. 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 widelv 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 bv the forest on the 
ground. · 

2. If ~urrent harvest levels are 
known to be far below allowable 
cuts. the optimi?..ation 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 apµroaches can be 
shown to work satisfactorily in 
acMeving full regulation if allowa­
ble cuts according to the various 

1Thu average scaled cutting volume of aspen over 
the l•t 5 yoars has boon l, 13$ cords. 

at 11'HO~ 
t'.Jtt .. IO \'HftrS. 

Th~ suloctlon of a spt:,dfk r~u~ 
lation model deJ>end1 primarily on 
the ohtet~tivos of the fon~st entor~ 
~uisti. Equally im1xntant. howcvnr. 
is the knowledge of how implr­
mtmtation of cakulatt'd allowable 
cuts will change future forest in­
vtmtories in terms of gnl\ving 
stock. growth. and agP-dass distri­
butions. 

This question can be answerud 
for a specific: inventory by simulat­
ing allowable cut calculations and 
implementation over time. It is ap­
pttrent from our simulations using 
the Bear Island aspen inventory 
that the regulation models with 
the most restrictive or simplifying 
assumptions. i.e., Von Mantel. 
Hundcshagen. and Austrian, led to 
severe fluct•1ations in the allowa­
ble cut which could be unacctlpta­
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 vield levels. followed hv a 
drop two decades later to two­
thirds of sustainable yield level'i. 

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 wiJI 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 

~lO~f 
imrnntorv. "_,.,,~,nn 
lc:mg~run su1tainablt' 

has l>L~come more critical re~ 
ccntlv bttt;ause rmw and substan~ 
tial future dmmmds for timber am 
bt1t;ominR. ,pparent Whilo curnmt 
demand for aspen in still bulow 
desirable cutting lnvels. recent de· 
volopmonts could bring about sub· 
stantial incruases in the demand 
for aspen and other ht.ardwoods. 
Several timber companios have 
armouncod 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 inventoriHs. The availability of 
this powerful simulation program 
should facilitate this job gn.atly. 
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