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INTRODUCTION

After all pertinent factors are considered and
the purpose and ?roduct for which a stand of timber
1s to be placed uhder management has been decided
upon, three fundamental questions in planning stand
management must be answered. These Quéstions ares

1, What constitutes full stocking for this
stand under the plan proposed?

2., Does the stand need a thinning treatment
at present and if it does, then to what
degree?

3. When will the stand need treatment in the
future and to what degree will it be?

The economically uncontrollable factors affect-
ing a timber sfand are the site factors of climate
(such as temperature, light, and exposure), moistﬁrq
and soil (depth, profile, nutrients, and draingge).
It must be noted here that this is a mere listing of
some of the site'factqré and that astually many of
these are closely 1nterveléted such as climate with
soil}amd moistﬁre with_tnmperature, exposure, and
drainage. 'Manﬁgement plané must be COhéfructed 8o

~as to fit these uncontrollable factors as févorably



as possible economically and socially.

The contréiiable factoré Qvailable in forest
management are density,,age, position in the stand,
form, and to a limited extent species. The density
factor is the mast importaat controllable facfor
in management and is the chief meams by which fre=-
quency and degree of stand cutting treatments are
planned. It is in terms of density, or sﬁacing -
and size of trees in a timber stand, that correct
amounts of growing stock are cqmputed. Therefore,
much effort in years past has been devoted to the

study and measurement of density or stocking in

stands.

YIELD TABLES IN FOREST MANAGEMENT
The need for an easily applicable guide fbr

quick déterminations in the field of proper stock-
ing in uniformly stocked, even~aged stand§ has-
steadily increased., _Foyﬁany years it was hoped
by technically trained fsrest manageré that yield
tables would be the answer, but they have proveél
to be unsatisfactory for reasons discussed below,
The stand density faétbr, even though so important
in forest management, still requires much research
work. Foresters cannot Agree on concrete demarca-

tions for overstocked, fuliy stocked, and under-
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stocked stands. The‘great obstacle to.this in the
United States is the lack of a workable definition
of stocking'raﬁge. This fact has~particu1ariy affected
the reliability of yield fables in this country. In
compiling the original data‘for yield tables many over-
stocked standsvwere included with resultant low average
stand diameters where suppressed trees were erroneously
included as growing stock. This inclusion of overstocked
stands causes yield tables to indicate a higher degree
of stocking than agtually occurs in nature-in stands
fjﬁst fﬁlly stocked. Also, some plots of species weak
in expression of height dominance and stagnated in '
height growth by overcroﬁding were included in the
data as a lower site class, ‘The result has been unex-
plainable differences between yield tables of closely
similar species that should normally'be quite compérable
in many characteristics,

An example of the inconsistenciles 1in y§e1d tables
is graphically shown 1in Figﬁrel. »Tébles ltand 16 of
- U.S.D.A. Technical Bulle$in Number 142 entitled Yields

’»22 Second Growth Spbuce and Fir in the Northeast were
used in cgnstructing this graph. These two original
tables 1nvthe bulletin were constructeﬁﬁy plotting age
as the independent variable, the absciasa,.with'the

other data plotted as dependent variables. In the






graph of Figure 1 height, f rom Table I of the bulietin,
was plotted as the independent variable with volume,‘
from Table 2 of the bulletin, as the dependent varigble.
Statistically'this is not correct f or reading SpeC1fie
data from the graph because field data was originally
.ourﬁed over age, but the principle is sound for show=-
ing the trend of harmonious relationship between the
curves of the site indexes, Note 1in Figure'lkthat all
site indemes it harmoniously into a trend except for
site index 30 which definitely does not conform with
the trend. The‘site index 30 line above twentynSeven
feet in height seems to remain soméwhere iﬁ the middle
~of the fileld of plotted curves, This is because data
was not gathered for cubic foot volume of trees smaller
than the four inch diameter breast high class. In site
index 30 this meant a far highar percentage of volume
not recorded than that whichwas not reéorded in the
other site indexes that are greater producers. Téble 8
of the bulletin shows‘the number of trees pefafcre in
site index 30 constantly increasing throughout}the tablal
-and even at 110 years of age. The other site indexes
decrease in number of trees per acre early wiﬁh site
index 40, the next poorest site, showing a markedvde»
crease in number at the age of 70 years, These obssr=

vations indicate that perhaps the original data for
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sité index 30 1nclﬁded some overcrowded and staghated
plots and was not entirely compiled from normél, fully'
stocked stands. It is a difficult assignment to deﬁer-
mine on a plot wh#t numbers of the existing size trees
that site can actuélly support without the stand becom-
ipg overcrowded. Poorep:sites have lower abiliﬁy to
support populations of plants, and consequently oﬁerm
crowding occurs easily and is more difficult to detéct.
Yield tables have further disadvantagds in the
United States in that they are often unavailabie or
inapplicable for use in stand management. They are
often awkward to use»and offer even more difficulties
when the site index of the stamd to be put»ﬁnder manage-
ment does not fall near the median of one of the site
index bands in the yleld table, Furﬁhermore, prasenb'
yield tables in the United States are based on}natural
stands accepted as the “normal"; Stands will depart
more and more froﬁ this assﬁmed normal as they pfo~
gressively undergo thinning treatments., Well managed.
stands will be slightly underétocﬁed through most of
their life, and will have greater growth in the crop
trees than the "normal® yleld tables can predict. -
Another drawback in the use of yield tables is that
they cgnnot be easily applied when making managemeht

decisions in the field and "on the spot® for individual



groups of uniformly stocked, even=-aged timber stands

within a general forest area,

NUMERICAL EXPRESSIOHNS OF STAND STOCKING IN MANAGEMENT

The actual dgtermination of what really consti-
tutes understocked, fﬁlly stocked, and overstocked
stands under a particular management plan gust be
made in measurable and easily applicable termé. This
is neceasary before it is possible to arrive at well
substantiated decisions on frequehcy and degree of
stand thinning treatments. Defiﬁite; quantitatively
measured data must be had to support fhe,lobsé terﬁs
‘such as “fully stocked™ and "overstocked" that are
used to indicate stand stocking. Obherwise, a concise
and objéctive plaﬁ of good reliability cannot be form=
ulated, and clear, unmistakable orders for the conduct
of the thinning operations cénnot be constructed without
'a.great amount of study and experience in the limited.
area under consideration,

There are three quanﬁitative units available for
measuring stocking: 1).nﬁ@ber of trees per unit ground
area, 2) stand volume per unit ground area, and 3) stand
basal area per unit gﬁound area.  Number of trees per
‘unit area is obviously not a good method, per-se, as

there is no indication of either tree sige or voilume



on the area. Volume per unit area does not show the

real distribution of volume among age classes in the

sténd, and it can lead to particularly erroneous con=

clusions in using board £oot volumes for young'stands
just before-and just after reaching a size for tally-
ing merchantable volumes. DBasal area per unit ground
area (acre) is quickef ahd easier to obtain than vol-
umé , 1s at the same time a'good'reflection of'voluhe,~"
and makes a good portrayal of stand stocking.

To fulfill the need for_;n.easily applied and pra@-
tical figure as a guide in thelquick, on=-the-spot de-
termination of proper stocking in uniformly stocked,
even=aged stands, the following mekhods have been de-

viéed: the spacing figure, spacing factor, and the

height factor.

The use of basal area per acre.which was described
above as having good poséibilities in the nﬁﬁerical |
portraydl'of stand stocking is incorporated in the ap-
plication of the first two of these mebhods. All three
figures portray stand stocking in a concise numerical
expreséion° In this thesis the spacing factor will be
emphaéized over the spacing figure since the former is
actually avfurther development of ﬁhe'latter, embody=
ing all the principled and possessing superior quali-
ties over the latter, Therefore, this thesis will be



primarily concerned with the height Pactor versus the
spacing factor, |

Reiatively few contributions to these methods
have been made because of the brief hisﬁory of these
numerical expressions of stand stocking., It is the
purpose of the guthor ih writing this thesis to set
forth the first~fu11 discussion of these me thods ih
one work, to discover and compare the advantages and
disadvantages each has o#er the others, and to make
_further contribufions in the application of these

three methods.



THE SPACING FIGURE, SPACING FACTOR, AND HEIGHT FACTOR

AS TOOLS IN FOREST MANAGEMENT
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THE SPACING T'IGURE

The spacing figure is defined as the average'
distance between treé étems, D, in the uniformly
stdcked, even-aged stand divided by the diameter of
ﬁhe‘aﬁerage tree stem, d, of the stand, both being
expressed in terms of the same distance unit, (1)

' Spacing figure = D/d

In utilizing the land to its fullest capacity,
a‘complete tree-crown cover over ground area is nor-
mally required. This theory is employed in computing
the formula for the spacing figure. The concédption
that in uniformly stocked, evam-aged stands tree |
crowns can be considered as filling out squares whose
sides are equal to the distanée betwéen tree stems; ‘
is also fundamental in the development of the spacing
- figure formﬁla. The derivation of the spacing figure
equation can be followed on pages 27 and 28. of Manage-
ment of American Fore%ts by Donald M. Matthews. The

Spacing figure formula #s as follows:

1. Matthews, Donald M., Management of American
Forests, McGraw-=Hill Book Company Incorporated,
1935, pe 26, :




=1l

| 185
D/fa = —

The spacing figure was devised to answer the
need for a more easily applied figure as a guide in
quick determination of stand stdékinge However, |
this method was still slightiy awkward to use in
Qﬁhe field for making'quidk decisions, an important
factér particularly to consulting foresters hired'
to draw up managemenf plans of large tracts of tim;
ber in only a few days. Therefore, the spacing f;c-  
tor has recently been developed as-an improvement -
over the spacing figure for use in forest management

worke
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THE SPACING FACTOR

The spacing factor is defined as the a?erage
distance between tree stems in feet, D; in a uni-
formly stogked, even-aged stand diviéed by the aver-
age tree stem diameter breast high in inches. 4 éim-
plification ovef the spacing figure is at once noted
in the fact that the numerator and the denominator
nee& not be converted into common disfance Bnits.
Furthermore, its mathematical relationship to basal
area per acre can be sdved, and é relationship table
can be easily constructéd for making quick conversion
‘to basal area per acre. Most igportant, it can be
‘used quickly and directly for making "on the spotf
‘determinations for present and future'treatments of
a uniformly stocked, even-aged stand if the correct
full=-stocking spacing factor for that stand has been
decided upon, with the stand's purpose in consider-
ation. Basal area in itself can then be 1gnoredAaé
it is represented in the spading factor and stand
stocking can be measured directly by this sijgple,

numerical expression. A person with relétively
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little experience can be taught to estimate with
sufficient accuracy'for constructing management
plans the average distance between tredétems in
.feet and the aéerége diameter.breast high of tree
stems 1n'1nches in a uniformly stocked,'even-aged
timber stand immediately about him in the field.
To'have him attempt 4o estimate directly with any
reasonable accuracy the Wasal area per acre repre-
- sented in a parfidular stand to determine stand
stocking would be quite another and far more diffi-
cult problem; |
The relationship betweeﬁ crown and stem, funda-
mental in this method, cannot be relied upon unless
the trees in the standAare'thirty or more feet in
height and of sufficient age so that the crown-stem
diameter ratio will remain relatively constant there-
after, The crown-stem diameter ratio may lessen
finally when\the stand becomes very old, for the frees
will continue to add stem diameter growth with no
relative increase in crown spread.(2) The dominant
and codominant trees in the stand must have definitely

developed pole stemshbefore the crown-stem relationship

2. Ibid, p.29.
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is stoong enough for sufficiently accurate work,
The spacing factor wxpressed in formula form

is as follows:
D, 'diameter"of crown or distance

SF = between stems in feet
d, diameter of stem breast high
in inches _

THE SPACING FACTOR -BASAL AREA FORMULA

1 The mathematical relationship betweenAthe spac-

ing factor and basal area per acre must now be deter-.
mhned, This spacing factor formula was computed by ’
Professor Donaid M, Matthéws of the School of ForestryA
and Conservation, University of Michigap, in deveiOp»
ing.the spacing factor as a tool in forest management.
This original derivagion of the formula will be déscribéd
later. The author of this thesis developed anéther
method for computing the spacing factor formula. The
author so¥ved for the corresponding basal areas of
several spacing factor values with an assuged constant .
average stem diameter breast high of 12 inches. These
results were plotted on logarithmic graph paper. The
plotted}valUGs formed a simple straighﬁ line oﬁ the
logarithmic paper,ahd the author computed the equation
of thé line. The resulting‘eqpatibn shows the relation=-
ship between thé Spacing.factor of a uniformly stocked,

even-aged stand and the stand's basal area per acre.
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This spacing factor-basal area equation was com-
puted in the following»manner:
by definition ' SF = D/a

,Zet d be a constant of 12 inches.

Let ' SF = 4.5
Then | 4,5 = D/12
' D = 54

The area of an acre is 43,560 square feet. As statéd
’ aﬁdve, when the acre is considereé as a whole,tree |
crowns can be thought of as filling out squares whose
~ sldes are equal to the avérage_distance betwééh stems.
Thus, the number of trees per acre in this case can

be computed as follows:

456260: = number of trees per acre
43,560 .
2 =  number of 12" trees per
54 acre when the spacing
factorAequals 4,5

43,560 -~ _ .

_ = 14.938 trees per acre
2,916 | o

The basal area in square feet of each individual

12 inech (1 foot) tree is equal to 1 a? and is com-
: , - o AR
puted as follows:
m a? - 3,1416 2 x . 15 = 0.785 sq.ft.
4 . 4 - ,

The ‘basal area per acre for the above given values thus
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‘becomes:

basal area per tree x no. trees

basal area

per acre per acre
0.785 square feet x 14.938 = 11,733 square
feet basal

v area per acre
This is the first walue to be plottéd’on the logarith-
"mic graph paper in Figure 2. The computations for

other values to be plotted are as follows:

let SF 3
then SF = D
d

3 = D/12

43,560 43,560 33,611 trees per
= = acre
z : .
36 1,296
0,785 squére feet X 33,611 trees = 26.398
per tree per acre sq.fte.
: Bodo
ILet SF = 2
then 2 = D
12
D = 24 feet
424560 = 426260 = 75,628 lérees per acre
0,785 square feet x 75,625 = 59,396 square

feet basal area

per acre






then

Let
‘then

-184

SF = 1
1 = D
12
D = 12 feet
43,560 = 43,560 = 302,500 trees per acre
127 144 ‘
0,785 square x 302,500 = 237.584 square
feet - feet basal area
' per acre
SF = 0.5
0e5= D
12
D = 6 feet
iéggég = ééggég = 1,210 trees per acre

0.785 square feet x 1,210 = 950,334 square
feet basal area
per acre

The degree of accuracy to which the above values are

carried out is necessary for the careful comph&stion

of the spacing factor-basal area formula, and is not

necessary in the normal use of appbying these.methods

in practical stand management. Also, these assumed

spacing factors for plotting the points in Figure 2

are theoretical in ordér to get the maximum range of

values for the graph. The assumed spacing factor of

0.5 for one point of the graph could hardly be found



in nature.

The equation of the straight line now plotted on
the graph in Figure 2 can be computed by the use of
logarithmse First, it can be noted that since the
points fall in a stpaight line on the logarithmic
graph, the equatioﬁ is of the second degree. The
equation of the line takes the form

log SF = a l§g BA + 1log k,
letting ™a" and "k"™ be constants and "BA" repre=
éent basal area per écre. |

The solution for constants "a™ and k" 1is
as follows:

where SF = 3, BA = 26,398
SF = 1, BA=237,584
Using the logarithms of these, the observation equa~
tions become _ .
| 0.47712 = 1,42160 a + log X
0,00000 = 2,37585 a + 1log k
Solbingbthese simultaneous equations gives
& = -0.5000 '
| log k = 1,187925 v
Insebting these values into the 1ogar1thmic straighﬁ
" line equation givés_.

log SF = —0,5000 log BA + 1.187925
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' The antilog of 1.,187925 1is 15.414 and the final
equation.becomés

SF = 15,414

or 15.4

2
BA = 15.41

2

SF

Also

BA=_237,4"7
SF 2
Fora ny given basal a rea pep@cre the spacing factor
can now be computgd and-vice_versa; |

The following iSfthe~original.soiutioh for the
basal areg&'elationship of thespacing factor as pre-
sented by Professor Donald M.Matthews in his class-
‘room lectures of 1946 and 1947:
lej a = average.diameter breast high in inches
let ¢ = constant to be added fo diameter breaét

high to equa® the avédrage spacing of
trees in feet

and SF = D=B+c = d+4+¢c =14¢
: 4 d d d d
Then t he f ormula becomess
number of trees per acre = 43,560 square feet
» per acre
(d+e¢)

basal area per tree in 82
square feet 74 —o. 005454 a”

144

o
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basal area = number of trees X 0,005454 4°
per acre per acre
let BA = basal area pei;/acre in s quare feet,

therefore, substituting: \
BA = 43560 _ x  0,005454 a°
(@ F ¢}z

BA — 237.,5 4’
[CET)E

BA=/ 15,4 d )Z
d+c¢

Taki’ng the square root of both sides, the equation

becomes:

15.4 4 - |BA

d+c ,
and thé procedure for isolating and solving for thé
constant, ¢, isas follows: .
15.4 4 = (VBE = a) .+ 'VBT&.x c)
VBE x ¢ =15,44d = (TB—A—‘X a)
o — (85,4 -VER) d-

VBa
and since |
SF =1 ¢
t 3§
SF=1,4 (15.4 =~ VBA) 4
VBA
4

Cancelling the d'sv from the fraction gives
SF = 1_}_ 15,4 = TVBA

VBa
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This equation is the formula for the use of the
spacing.factor as presented by Professor Matthews.(s)
Thq spacing factor formula developed by the
aﬁthor is SF= 15,4 and appears sﬁperficially to

VEZ_ : o

beiélightlj different than t he presently known and
used formula SF= 1+ 15.4= [BA . ‘However, these
two equations must be equal if they are both correct.

The a uthor disdovered that t he formula presented
by Professor Matthews was actually not 1n 1ts most
simplified form. The author simplified this formula
‘algebraicly as followss

. SF= 1+ 15.4 - VB

and putting all the right hand side of.-t he equation

over a common denominator gives
r=(1x VTBAT)+15.4 - YE&
Jea / Ve
= VBA_ +15.,4 - BA

5. Matthews, Donald M., The Sgacing Factor as a.
Criterion of the Density of Stocking in Stands,
a mimeographed lecture paper, 1947, pele




Cancelling the 'VEK—'S ﬁroduces the same eduation the
author arrived at by the graphiéal method and is -
| SF = _15.4
Vﬁ
This formula can be arrived at in still another

manner. 'By definition the spacing figure equals D
. ‘ . d

with both numerator and'éenominator in a eommon dis-
tance unit., The numerator " D' musit be multiplied by
12 to convert crown diameter from feet to inches. In

the spacing factor formula, SF = D, by definition
d

ho conversion is neédedav Therefore, to make these two
equations'equal the spacing factor equation muét be
multiplied by 12 as follows:

12 x D the spacing — D the spacing
d factor da figure

The spacing figure-bésa;/a rea formula was earlier
stated to‘be
Spacing figure = 185
Vea

Substituting the spacing factor gives 12 x D _185

dhi.vgi—
D _ 185 _ 15.4
1(EE VE&
SF = 15.4



For quick convérsioh'from basal aréa per acre to
the spaéing factor and vice versa,.the spacing factor—
basal area formula is employed for Basal érea values |
‘ranging from thirty square feet per acre to two hun-
dred dquare'feet ﬁer écre, and Ehe respective spacingb
factors are computed, These: results are presented in
‘Table 1 on the followihg page.(4) For graphical pre=
sentation of this relationship and for easy interpo-

lation between vaiueS'given in Table 1 the results are

also shown in the curve in Figure 3 on page 26,

4, Ibid, pe2e
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TABLE To----THE SPACING FACTOR VALUE CORRESPONDING
| 70 EACH BASAL AREA VALUE PER ACRE

B& per acre in Spacing

square feet ‘ Factor
30 2,81
40 2.43
50 2,18

60 | 1,99
70 : 1.84
80 - 1.72
% 1.62
100 , 1.54
110 _ ' v 1.47
120 B 1,41
130 - 135
140 1.30
150 1.26
160, 1,22
170 _ 1,18

180 - ' 1.15
190 1.12

200 ‘ 1.09







THE SPACING FACTOR AS AN EXPRESSION OF STAND STOCKING

Ihlorder to make direct computations in spacing
fdctor values alone for stand stocking and for deter-
mination of when and to what degree thinning treat-
ments are to be made, it now becomes necessary to
know what constitutes a fully-stocked stand for the
' particular stand of timber in question in terms of
the spacing factor. In the United States there is
étill a great.amount of research needed to determine
the correcf‘full stocking values for timber stands
over the country;.onrk of this sor£ has béen done
in the Lake States, the Northeasterh States, the
Southeastern States, the Southern States, and in
some other regions, but.tt is still far from compete.
Correct stand stocking must berbtainedvfrom.exist-
ing data, however unreliable that data is, until
research produces new and more accurate and complete
figures. Yield tables or other tables stating stand
stocking ih either basal area per acre or in spacing
#igure values.for closely similar sténdé of'timbér po
'must be the main souces of information aﬁ preéento
Data from these sources can be converted into spac-
ing‘chtor terms to Obtaih the prober values for full -
stocking.

Table IIshows the computed spacing factor values
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- for stand specieé and ages for full stocking as con=-

verted from the tabld on page thirty of Managemént of

American Forests by Professor D, MevMaﬁthewso This
conversion can be made in elther of two ways as follows:

le By conversion of basal area per acre
to spacing factor by use of the for-
mula or by use of either Table I or
Figure 3

2, By converting the spacing figure to
spacing factor values by use of the
formula \

4 spacing fhgure
SF = : ;E »



. TABIE II,=-=-~=SPACING FACTORS FOR VARYING AMOUNTS OF
BASAT, AREA PER ACRE FOR FULLY-STOCKED STANDS

BA per acre Spacing Spacing Normal stocking
in square feet Figure Factor for the following
species and ages

50 26 2,18 Maple trees in

60 24 1,99 open, 6 to 8 inches

70 22 -~ l.84 in diameter

80 , 20,6 1.72

90 19.5 1.62

100 18,5 1.54

110 17.6 1.47 . Range for forest-

120 ’ 16,9 . 1l.41 grow intolerant coni-
130 16,2 1,35 fergand intolerant

140 15.6 -~ 1630 hardwoods after

150 15,1 1.26 60 years
160-180 14.2 1018 | Forest-grown tolerant
180=200 13.4 ‘1.12 sfinifers after 60 yrs.
200-240 12,5 1.04 Yellow pine and sugar
240-280 11.5 0.96 pine in Calif, and old .
300 10,7 - 0,90 white pine in Laka States
400 | 9.2 0.77 - Douglas fir in the ‘
500 : 8ol . 0,68 Northwest :

1,000 5.8 0.48 Sequoia
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:APPLICATION OF THE SPACING FACTOR IN COMPUTTNG DENSITIES

- OF STOCKING AND DETBRMINTNG STAND TREATMENTS _

By the term "fully-stocked stand" is meant a
stand of tiﬁbef which complefely utilizes to the best
advantage the land area that it covers:iso that all
facilities for the best diameter and height growhh
and natural pruming of the s tems are put tolthe best
possible use., MComplete crown closure" with no tree
crowns interlocking with or badly overlapping other
tree crowns,ind with no spaces left and therefore
wasted between adjacent tree crowns, is the condition
that normally best exempmifies'a fully-stocked stand.
It is at once seen that if_novthinning treatment is
given a stand that is fullywsﬁocked, the stand will
soon become overstocked because of the procedure of
norﬁal growth, and a decrease in the growth rate will
gradhally.come about. This is a condifion which the
forest manager attempts to prevent, and thinning
treatments are thus timed to occur Jjust as the staad

-reachés the desired full stocking, or are timed as
close to this as 1is economically §facticablee

It should be noted that the factor of proper

‘-stahd density for the production of tall, straight,
clear stems can properly he cbmpensated for in the

“fully-stqcked“ basal area or spacing factor value
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decided upon. Thus & timber stand can be maintained
almost constantly a little under this chosen value of
full stocking for optimum growth and still have suffi-
cient_closﬁre of tree crowns to produce stems of desired
straightness, clear length, and diameter. It should
be remembered that normal}y the most profitable time
ofvthinning is at the time of crown closure or shortly
after. |

o Rfter a timber stand haé reached the age whefe
good stem development is attained, the crown-éteﬁ.
relationship for this étand under fully-stocked cone
ditions remains essentially the same throughout the
remainder of the life span of the stand. Also, 1t

can be said that the desifable fully-stocked basal
area in square feet per écre will remain the same
after the stand hasz reached the point of growth where
definite stem development has been accomplished.
Stands of different species but with similar silvical
characteristics also'show:consistent crown=stem ratios
that are equal for fﬁlly-stocked stands. As stated
above,(Table‘II shows thesé consistent values for
fully-stocked stands of groups of ﬁree species having
certain similar silvical characteristicsg thus it can

be seen that loblolly pine, only of 1ntermed1ate‘
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tolerance at best (5), probably would have a Spﬁcing
factor of around 1.50.for a fullyestocked timber stand.
In reality, 1# has been found that loblolly pine prob-
ably has a spacing fgctor of about 133 or a basal

area of about 133 square feet for a Bully-stocked stand
on an average site.(6)

It should 5e-noted from Table I that the spacing
factor valﬁe varies inversely as the basal area per
acré. Therefore, a spacing factor of 1.20 for a £imber
stand of loblolly pine indicates an overstocked stand,
‘and a thinning treatment should be made as soon as is
economically possible., If it is desired percentage
stocking for various spacing factor v&lues of different
timber stands of any particular tree species can now
be cémputed. The procedure 1is to look on the graph
in Figure 1 for the basal area corresponding to the
spacing factor of the fully-stocked étande This basal

area value is used as the.denominator of the fractione

5. Toumey, James W. and Korstian, Clarence Fi,
Foundations of Silviculture upon an Ecological
Basis, John Wiley and Sons, Incorporated, 1947,
p054Io ‘ A )

6. Matthews, Donald M., The Spacing Factor as &
Criterion of the Density of Stockihg in Stands,
Opecite, posg
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The ecorresponding basal a rea values for other spacing
faétor values are used as the humerators-of‘the frac=_
tion consecutively. The resulting quotients are each
:multipliedlby one hundred to give the percentage- of-
stocking values. Thus, for loblolly pine, a fﬁllya
stocked stand has a spacing factor of 1.33 and the cor-
responding basal area of 133 square‘feet per acre.

A stand of loblolly pine having a spacing factor of
1.54 has é basal area of 100 square feet per acre. The
computation for the peréentage stocking of the latter
‘stand is as follows: ’

100 square feet BA (spacingwgactof 1.54) x 100 = 75%
133 square feet BA (spacing factor 1.33) stocking

In preparation for classifying stands for percentage
density by spmeing factor values in a timber cruise,
these computations canbe done in reverse and a table
can be‘cqnstrudted. Thus, for a 90% stocking of lob-
lolly pine, the computations are as fdll&ws:
;90 xv 133 square feet BA :
(spacing factor 1.33 % 120 square feet
fully=-stocked) BA

Corresponding spacing factor value for a BA of 120
- square feet per acre is l.41. Normallj; all lobiolly_
pine stands with spacing factbr values less than 1.33
will be classified simply as “over-stocked®, hbensity
estimates can now be made by thé éréws.right while

they are out on the ground both on and off .
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the plots being cruised, and such information noted
down will produce better estimates of over-all stock-
ing conditionso |
By thé method of computations explaineda bove,

Table III has been éonstructed and is presented hgre
to show thé corresponding spacing factor values (7)
for the various percentages of stand stocking for
crowsgr%:;fratios of fully-stocked stands of 16 to 1,
15 to 1, and 14 to 1.

TABIE III.=-===SPACING FACTOR VALUES FOR PERCENTAGES OF

- STAND STOCKING FOR DIFFERENT FULLY-STOCKED
SPACING FACTOR VALUES AND CROWN-STEM RATIOS

Spacing Factor 1,33
ete
16 to 1 Crowhestem Ratio

Stocking BA pef acre Spacing

" square feet - Factor

.Over-stocked 133 plus 1.33 minus
90% stocked 120 1.4

80% stocked 107 1.49

70% stocked 93 1.59
60% stocked - 80 1,72

50%4 socked 67 o 1,88

40% stocked 53 B 2.12
Under 30% stocked 40 minus 2,43 plué

7o Ibid, Pode
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TABIE III.--=Continued:

- Spacing Factor 1.25
. . ‘
15 to 1 GrOW%FQ%SE Ratio

Stocking o BA pef acre : Spacing
' - square feet ‘ Factor

Over-stocked - 152 plus - ' 1.25 mhnus
90% stocked 187 | 1,32
80% stocked 122 , : . 1.40
70% stocked T © 1.50
60% stocked 91 1.61
50% stocked "6 | 1677
40% stocked | 61 1.97
Under 30% stocked 46 mbnus s 2,27 plus

Spacing Factor 1,17

diameeey

14 to 1 Crowqrstem Ratio

Over=stocked | 173 plus 1,17 minus
90% stocked 156 1.23
80% stocked 138 A 1e31
70% stocked 121 | 1.40
608 stocked 104 ' ’ 1,51
50% stocked | 86 ' 1.66
40% stocked 69 | 186

. Under 30%. stocked 52 minus '2@15vplus
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In ascertaining the rate ofg;rowth by increment
borings for a stand just being put under management,
kt hust be remembered that under the stand t reatment
procedure indicated above of thinning ﬁhe stand just
as it reaches the fully stocked conditionk the trees 
will be growing almost constankly in a stand slightly
understocked. Therefore, incremeﬁt borings should be
tﬁken from carefullﬁ chosen trees which are under the
conditions right now that are planned to be produced

in the future and maintained for the entire stand
during its life,whether terminal or perpetual, when
the managemént plan is put'into effecte Trees of
proper phpecies, age, and crown closure conditions
should be carefully selected for increment borings

to make an accurate prediction of the growth rate |
thatiwill be maintaihed in the stand after the stand
comes into the conditions which the forest manager |

- plans to produce and perpetuate in that stgnd.

Makihg'quick and,welléfounded management plans

for a particular stand of timber by means of the.
'spacing factor now becomes a possibility. The follow=-
ing 1s a hypothetical problem pfegented here as an
example to best explain the application of the spac-
ing factof;

Cruise data for a timber stand of loblolly pine
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shows aqéverage number of trees per a cre of 450 withv'.
andaverage d iameter breést high of eight inches.
A basal a rea per acre of 133 square feet is the cor= _
rect full stocking for loblolly pine timber stands, and
- 1.33 is the corresponding spacing factor value. Inére-
menf boring data indicates a future meén annual diame
eter.growth of 0.3 inches when the'stadd is under
proper management and not allowed to become overstockeds
It should be noted here that cruise data 1s not
required when actually in the field and standing in
a uniformly stocked, even-aged group of trees in a
timber stand. The trained man can estimate "on-the-
spot®™ with sufficieﬁt‘accuracy for making a management
pian the average distance in f6et between tree stems
and the a?erage diameter breast high in inches. From
this he has the spacing factor directly, and can also
compute the averége,number of trees per acre in that
particular section of the timber stand by employing

the formula

45,560

Number of trees per acre = 5
4 - | D

‘He can also take avfew, wed&l chosen increment borings,
and thus have all the stand data he needs as he looks
at the situation while in the woods. Therefore, the

spacing factor method ehables the forest manéger to
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draw up a reliable managembnt plan while actuwally in
the stand undér consideration. This is one of the
great advantages of the spacihg factor meﬁhod over
other ﬁethods of expressing stand stocking and drmwing
up,management.planso |

The first decision in the above stated hypothet%
ical problem is whether or not the stand needs treat-
ment how, and if it is needed now, to what degree
should the thinning treatment e. As noted above,
tree.crowns can be considered to conform tosquares
when‘taked for thea cre as a whole, and therefore,
the crown "~ area pera Werage tree equals 43,560
square feet per acre divided by 450'tf¢es per acre,
‘or 97 square feet per gg?é. The square root of this
value is 9.84 feet, which 15 theaverage spacing between

trée stems in feet. This is shown algebraicly as follows:

D

average'Spacihg between tree stems
in feet '

therefore
D° = average crown L-c:. area per tree in

square feet '

then = , ‘
o 43, 560 square feet per acre

97 square

450 average number of trees feet
per acre |

o
]

D = VQV =+9,84 feet average spacing
, between tree stems
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' The spacing factor can now be computed as follows:

sgp = D in feet =  9.84 = 3,93
d in inches 8

Sincé this spacing factor value is below the full
stocking value of 1.33, the stand is ovej%ocked and:
needs immediate treatment.

It now must be decided when the next treatment
in this stand can be made in the future. In this
exampleiit is assumed that for both econqmical and
managerial reasons the best time for the next thin-
ning will be ten years from nowe The choice of the
best thinning interval is another phase of forest
management and cannot bé.cOVered here. Avérage diam=-
eter per tree ten years hence will equal theaverage

diameter -at present, plus the product of the number

of year®m in the interval multiplied by the mean anoual

rate of diameter growth,. The computations are shown

as follows:

d = average diameter breast high in inches
at present = 8 inches

d' = average diametera t time of next treat-

ment

r = mean annual rate of diameter growth =
" 063 inches '
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number of years before the next treat-.

y =
ment = 10 years. »
a'= a4 ¢+ ry = 8% + (0,3 x 10) = 11 inches

As‘dichSsedvabove the stand should not be allowed to
regch full stocking until close to the time scheduled
for the next thinning treatment. Therefore, proper
tree stem spacing must be computed for the timber stand
of trees averaging eleven inches in diameter and with

a fully;stocked spécing factor value of 1.33 as follows:

SF

= D' in feet
d' in inches
D' = SF x d4' = 1,33 x 11 = 14.63 feet

?he average spacing between tree stems aftérthe pre-
sgnt thinning treatmént is completed should be approx-
imétely fifteen feet. Computations for the number of
trees per acre that should be standing just before the

ithinning'treatment of'ﬁen years from now are as follows:

Number of trees = 45,560 square feet per acre
per acre Average_crown area per tree.
- or D ‘ ’

D12 = 14,632 = 214 square feet

Number of trees pee acre = 43,560 square ft. = gqg
before treatment 10 years 214 square feet trees
from now o ‘ : ' per acre
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Therefore, 203 trees per acre must be left in the

stand a fter the present thinning treatment, and

450 trees minus 283, dr 247, trees per acre must

be reﬁoved on the average from the timber stand

during the present thinning treatment., The average
diameter of trees removed at present will probably

be slightly less than eight inchas; because normally
the less vigorous trees will be selected for immediate
cutting. The less vigorous trees in this sense are
those:: that woul 4 die before the time of the next
thinning or wouid be greatly suppressed by then., Only
a Wwery few of the 1argef diameter trees will be remmved,
These larger diameter trees to be dut in the stand
thinning include those of poor form or other sufficiently
bad characteristics, and those "wolf" trees that are
giving, orlsoon will give serious competition to several
‘trees of desirable form afid development close around
them. . Therefore, the average diameter breast high of
the residual stand just after t he present thinning
treatment will be slightly greater than the eight.
“inches to which growth predictions were added in the
computations for the‘hext stand treatment. This, in
effect, introduces a slight element»of conservatism as

%as a further protection from financially bad errors in
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"An order weitten as to what average crown open-
1ngvto lea§e in‘the stand after the thinning treat-
mebt, would further clarify the thinning procedure
and aid the man who éubsequently selects the trees
ﬁo be thinned from the stand. Since the average
spacing in effedt between tree stems is now 9.84,
and the average spaciﬁg between tree:istems after
the present thinning treatment will be 14,63 feet,
it would appear that the avermrage crown opening left
after the present thinning willibe 4,79 feet, 4How5
ever, this is actually hot the case since the crowns
in the stand beforé the present thinning treatment
are'bdt just touching each other but are 1nterlocking'_
and ovérlapping due to the pfesent over-stocked con-
ditione The true crowh opening, or average oﬁén
-spacing between crowns, after the present staﬁd thin-
ning can be computed by subtracting the product of
the spacing factor of the fuily-stocked.stand multi-
plied by the present average diameter breast high in
inchés; from thé average spacing in feet between tree
stems created by the thinning treatment. Computations
for this example problem are as follows:

0 = average crown opening in feet 1mmédiately
after thinning treatment o



SF = .spacing factor for stocking required as
- a fully-stocked stand ‘
D! = average spacing in feet of tree stems
after thinning treatment
4 = average diameter breast high in inches

at present
By the above'reasoning the formula becomes

0 = D! = (SF x 4)

o
1)

14,65 = (1,33 x 8) 2 14,63 - 10,64 -
0 = 3.99 or 4 feet

The amount of cfown opening to be left after the thin-
ning treatment can be arrived at through anéther line
of reasoning and procedure of calculation. (8) Since
the aVerage spacing between trees in feet, equals the
average diameter breast high in inches gultiplied by
~ the spaeing factor,'the increase in desired spacing
in feet between trees equals the product of the average
increase in diameter breast high in inches during the
intérg&l betweeh'bhinning treatments multiplied by the
spacing factor of thefully stocked stand. The compu=
}tations'for ﬁhis approach in solving for the crown |

opening are as follows:

r = mean annual rate of diameter growth in inches

Be Ibid., 4pg,59



y = the number of years between thinning
treatments , _ '

tberefore

r X y = the average increase in diameter
in inches between thinning treat-
ments '

and the fbrmula becom es
0 s SF b4 r X y or O = SF X ry.

The same crown opening is obtained, ofcoumse, for this

example problem as follows:
0 = 1.353 x 0.3 x 10 = 3,99 or 4 feet

Actually through algebraic simplification of the first
crown opening formula mentioned above the second equa-

tion can be arrived at as follows:

0 = D' = (SF x 4d)

D! = +the average spacing between trees in
feet "y" years from now

By definition

gf = D!
d.i,'
DY = SF x the average diameter in inches

of the trees in the stand "y"
years from now or (ry ¢+ 4d)

SF x (ry + 4)

i

pi
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Substituting in the above crown opening formula give

0 = SF x (ry 4+ d) = (SF x 4)

Algebraic factoring gives

0 = SF [(ry '+‘ d)»d] = SF (r& 44 - 4d)
o v

SF x ry

This is the same forﬁula arrived at through the other
‘channel of reasoning.

| Orders for the management of this timber stand
can now be compiled{ From the average of 450 trees
per acre an average of 247 trees per'acre are to be
"removed in the présent thinning. The trees cut at
present should average slightly less than eightkinches
diameter'breast high, and should be selected silvi-
6u%turaliyAso as to permit the most valuable part of
the stand to produce the highest valuerincrement'
possible during fhé next ten year period. An average.
of 203 trees per a cre should be left in the residual
stand after the present thinning tfeatment, and the
average crown openings between these residual trees
should be appfoximately four_feet.. The averagé dis-
tance between tree sténw a fter treatment should be
approximately 14.6 feet. :The volume of the mater&al
removed in the thinning will depend onithe heights
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and range of diameters of the trees gut;’but>qb1te
an accurate estimate of this volume'of cut can be
made by the experienced man 1nspeét1ng'the stand
when he inows the nugber of trees per acre to be
vremoved and their approximate average diameter,

Ten years from now, juét before the second
- treatment, the stand will have an a vérage of 203
trees pera cre with an awerage diameter breast high
of eleven inches,

Plans for the degree of the second thinning
can now be predicted if the time for the third thin-
ning treatment, or harvest cut if there are to be no
more thinning treatments, is decidéd upon. For this
example it is assumed that the third treatment will
come in twenty years from now. The computatiohs in
order to predict the degree of treatment for the

second thinning are as follows:

- d" = average diameter breast high per tree
in inches 20 years from now
y' = the number of years between the second

and third treatments

Assuming that the rate of diameter growth predicted
for the period between the first two thinning treat=

ments can be maintained, the average diameter twenty



yegars from now will be

a" = d' 4+ (r x y') = 11" ¢ (0.3 x 10)
4" = 14 inches |

and, as for the first thinning above,

avefage spacing between tree s tems in

ph* =
feet twenty years from now
SF = D"
av
D" = SF x a" = 1.33 x 14 = 18.62 feet

Number of trees per acre
before treatment or
harvest cut twenty Dz
years from now :

| _ 43,660 sq.ft. per acre

Number of trees per = 43,560 = 43,560 = 3128
acre 18.62° 347 . trees

Number of trees to
cut in second'treat-
ment ‘

203 = 126 = 77 trees

'SF x r x y! = 1,33 x 063 x 10

0
0

5.99 or 4 feet

| Orders for the second ﬁhinning treatment will con=-
tain the foliowing instructions: of the average of
203 tfrees pex/acre; cut 77 trees per acre with an average
dlameter of slightly less than eleven inches, and leave
an average of 126 trees per acre with an averaée,open;
ing between tree crowns of‘3e99'of~approximately four

feet in the residual stand.



It can be seen that such prédictions may thus
be extended as far into the future as desired. How-
ever, greater caution must be used as each prediction
is made extending farther 1n£o the future for the
reliability in the prediction of each subsequent
stand treatment is very greatly reduced., The prac-
tical 1limit for such specific plans for each succeed-
1nglthiﬁn1ng treatment probabiy lies somewhere around
twenty years, By that time too many outside, uncon-
trollable factors can come to ﬁhe fore to change some=
whét‘the original plans so that such specific thin-
ning treatment plans farther into the future would not
be sufficiently reliable to warrant the effort. large
changes in market conditions-is one influencing factor.
- Slightly more genergl plans canbe extended as far
into the future as desired.

The example problem above demonstrated the method
of developing stand treatment plans for a stand in
" need of immediate treatment. If it is found that the
timbér'stand in.questioh is at presept understocked,
the procedure for computing the time at'which the
stand will become'fullyustodked and need a thihning
treatment is presented here in the form of another

hypothetical problem as follows: cruisé data shows
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that a particular timber stand of loblolly pine has
an.avefage of 250 treesvpera§re with an aberage
diameter breast high‘of 865 inchés. ‘The predicted
“rate of growth is assumed to be the same as in the
first hypothetical exaﬁple, and the normal spacing
factor vélue of 1.33 for a fully stocked.stand of
lobloily pinevwili be used alsoe
?he fifst step is again to decide ﬁh&ther-or
not the stand.needs'immediate thinnihg treatment,
and if not, then how socon will that need arise.,
The answer to the firstvquestion lies in solving for -

the present spacing factor as follows:

2 ' 45,560 square feet per acre

250 average number of trees per acre

43,560

D =} —— = \/174.5 - 13,2 feet average
250 | spacing at pre-
' sent between
tree stems
D 13.2 -
SF o T m eme— = 1,55
4 - 865

' Therefore,'this stand is at present understocked since
its present spacing factor value is greatervthan the

spacing factor value for a fully-stocked stand, No



treatment is needed at preseﬁt. vit now becom es
neéessarj td compute the time that must elapse before
the first stand treatment will be needed., The spac-
ing factor at the time the thuimning will be needed
must be that of a fully-stocked stand or 1.33, and
the average spéciﬁg in feet between tree stems will

be the same just Before thinning as it is now; 13,2
feet. As stated above, the formula for obtaining the

future average diameter breast high in inches is 4! =
d + ry, or the present aVerage diameter plus the
product of the mean annual diameter growfh multiplied
by the'number of years to the ﬁext'thinning. There=-
fore, the equation is as follows: |

SF = D
d4ry

in which the only unknown is "y*  the number of years
before the thinhing treatment. The following is the

algebraic solution for "y%

cross multiplying,
SF (a) + SF (ry) = D

SF (ry) = D - SF(a)
Y ~ D- SF(4)
 SF(r)
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The following is the solution for "y" in this hypo-

thetical problems

D = 13.2 feet

SF 1.33, the spacihg factor of a fully-

= stocked stand

d = 8.5 inches

r = 0.3 inches
15.2 = (1.33 x 8.5) . 13.2 = 11.3_ 1.9 = 4. g7
- 1.33 x 0,3 0,399 T 0.399  years

The first thinnfé'treatment for this particular7timber
stand should be scheduled 4,77 or approximately four
to five years from now, The degree of thinning will
depend on the length of time interval betweent he first
thibning and the second, and on thé anticipated rate‘
of growth during that periode It can be computed by
the same procedure as inithe first hypothetical prob-
lem described abové. Computations for the second thin-
ning treatment and other futufé thinningttreatménts - ean
also be made in the same manneras those for the first
example pboblem. |

General tables can be constructed with the use of
the crown opening formula, 0 ‘s SF x ry, to further

simplify the management plan computations in keeping
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with thé goal of quickly and easily making concrete
plans on=the-spot for timber stands.(9) A separate
table must be constructed for each different full
'étocking spacing factor used, Tahle IV lists crown:
opening values for full sbocking spacing factor values
of 1,33 and 1.25., Thesé values correspond respectively
to crown-stem ratios of 16 to 1 and 15 6o 1.

~Table IV can be directly applied in computations
for the construction of orders as to when and to what
degree the thinning treatments should be made. The
table indicates direétly the émount of average crown
opening there should be immediately after a speéific
stand thinnihg treatment is made. This crown opening
value pfus the.product of the average diameter breast
high in inches of the stand at the time of the thin=-
ning ﬁultiplied by the spacing faétor of the fully-
stocked stand will give averagerépacing in feet be-
tween tree stems that should exist after the thinning.

The procedure for the application of Table IV can

better be demonstrated by an example problemas follows:
The averageFSpacing of trees in a loblolly pipe stand .
is ten feét and the abverage diameter breast high is |

9.Ibid, Deboe
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" PABIE IV. -=<-AVERAGE CROWN OPENINGS IN FEET TO BE LEFT
. IN STAND THINNING TREATMENTS

Average annual : CroWn opening (or increase in spac=
d.b.he incre- ing above the present full-stocking

ment in inches crown-stem ratio .. 1 tuv 1) in feet
: for thinning intervals of:

5 years 10 years 15 years 20 years

Fully-stocked stand spacing factor 1l.3%
Crown=stem ratio 16 to 1

0.10 . 0,67 1,33 2,00 2,67
0.15 1,00  2.00 3,00 - 4.00
0,20 1,33 2.66 4,00  5.33
0.25 o 1.87 3,33 5.00 6.67
030 2,00 4,00 6,00 8,00
0.35 | 2,33 4,67 7,00 9,33
0.40 2,66  5.33 8.00 - 10.66

Fully=stocked stand spacing fa&tbr 1.25
Cbown-stem ratio 15 to 1

S 0.10 062 1,25 1.88 2,50
0.15 . 0,94  1.88  2.81 3,75
0.20 | 1.25 2.50 3.75 5.00

0425 1.56 3,12 4.69 6.25
0.30 1,88 3475 5,62 750
0.35 2,19 4,38 6,56 8,75

0,40 2,50 5,00 7650 10,00
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nine inches. The predicted rate of diameter growth
in inches under management is 0.25 and the spacing
factor for the fully-stocked stand is 1.33., There-

fore, the present spacing'factor galve is as follows:

sf e D2 o 10feet . oan
a 9 inches

The stand is overstocked and in need of 1mﬁed1ate
breatment sinde this spacing factor value is less
than that of a,fullyostocked stand spacing factor.
It 1s assumed here that this stand cannota gain be
visited until 10 years hence, Immediately from the
table we see that a croﬁn opening aVeragming 3033
feet must be left after the present thinning., The
v average spacing between tree stems after thé present
thinning will be this 3.33 feet plus fhe desired
normal spacing for trees of the present average dia-
meter, or, as stated in gnother way, the product of
the present average diameter in inchés mulfiplied by
the spacing factor of the fully-stocked stand. The

computations are as follows:

crown opening in feet

o
L]

SF

spacing factor of fully-stocked stand
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4 = present diameter breast high in inches

Spaciﬁg between tree stems z O 4 (SF x 4)
in feet after thinning

Spacing between = 3.33 + (133 x 9) = 333 + 11,97
tree stems ' - 15.3 feet

Therefore, the s tand should be thinned immediately and

in such a mdnner as to leave an average spacing between

tree stems of 15.3 feet and an'average crown ogening

"of 3.33 feete

FURTHER APPLICATIONS OF THE SPACING FACTOR ON PORTRAYING

STAND STOCKING

The spacing factor as it has‘been presented in Kkhe
equation form is somewhat diffficult to visualize in its
effect oh the timber stand, particularly since spacing
factor values vary invermely with basal area perelcfe
and number of trees per acre. The author of this thesis
has,therefore, devised and constructed a system of tables
and graphs to better pnntray'thé 1bf1uencé of spacing
‘fector vidlued on stand stocking énd fbr better visual-
ization of the spacing factor plan of management.

First, by definition we have in equation form

sP = D
R |
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and ,
: 43,560
Number of trees per acre = ‘—;;;-‘

- By cross multiplication in the first equation we have

D SF x 4

and substituting in the second equation gives

Number of trees per acre = _ﬁé;ééQ_é
- (SF x a)

This resulting equation can how be used in constructing
a table to show the number of tfees per acre for each
given spacing factor and average stand diameter, These
- figures are pfesented in Table V,

A demonstration of the procedure 6f computation
for t he construction of Table V is as follows: assume
an average stand diameter breast high of 16 1nche§ and
a spacing factor of 1.4, Placing these values i the

equation gives

Number of trees

per acre | = ' 43,560 = _43%560

(sF x a)2 (1.4 x 16)%

43,560 = _43,560

43,560

.(104 X 16)2 (2204)2 | 501,76
43,560 = 87 trees per acre

501,76



- It is possible to employ this table to simplify

the drawing up of.management'plans for uniformly stocked,
evénaaged stands; This can be shown in the following
hypothetical problem: a cerféin’sﬁand has an average
diameter breast hightof nine inches'and an average
spacing between tree stems of eleven feetQ Because

of management objectlves,‘growth rafe, and conditions

in the stand it is planned to thin again after three
more inches are added to the average stand diameter,

and adopt and mainﬁain a spacing factor 6f 1.3, The
average number of trees per acre at present in the stand
~is computed as followss: |

D = 1l feet

Number of trees _ 43,560 43,560
per acrs - , =
T p° 1u®
43,560

L= 360 trees per acre
121 -

Referring to Table V for the number of trees per acre
corresponding tc a spacing factor of i.5 and an:i average
sténd diémetef of nine inches, gives directly 318 trees
‘per acreo'.Since'the stand now contains 360 trees pef acre,
we know the stand r equires immediate treatmgnb; To thin
agaih after an addition of three inches in average diaf_
meter would mean to come fo the stand when it‘haS'an
average dia@eter of twelve inches. Referring to

- Table V again produces the information that for an
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TABIE V.---NUMBER OF TREES PER ACRE FOR EACH SPACING
FACTOR AND AVERAGE STAND DIAMETER

Average Spacing Factor
diameter : A
of Stand O.'GO‘ 0.70 : 080 0090 1.00 1010
Inches Number of trees per acre

4 7,562 5,666 4,264 3,361 2,722 2,250
5 4,840 3,556 2,722 2,151 1,742 1,440
6 3,561 2,469 1,891 1,494 1,210 1,000
7 2,469 1,814 1,389 1,098 889 735
8 1,891 1,389 1,063 840 681 562
9 1,494 1,098 840 664 538 444
10 1,210 889 681 538 436 360
11 1,000 735 562 444 360 298
12 - 840 617 473 373 302 250
13 716 526 403 318 258 213
14 - 6l7 454 - 347 274 222 184
15 538 395 302 239 194 160
16 473 347 266 210 170 141
17 419 308 235 186 151 125
- 18 373 274 210 166 134 111
19 335 246 189 149 121 100
20 302 222 170 134 109 90
- 21 274 202 154 122 99 82
22 250 184 141 111 90 74
23 229 168 129 102 82 68
24 . 210 154 118 93 76 62
25 - 194 142 109 86 70 58
26 179 132 101 80 64 53
27 166 122 - 93 74 60 49
28 - 154 113 87 69 56 46
29 144 106 81 64 52 43

30 - 134 ., 99 76 60 48
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TABLE V.s-ncontinped

Average - Spécing Factor

diameter ' 4
Of Stand 1020 1950 ) .1040 1050 1060
Inches Number of trees per acre

4 1,891 1,611 1,389 1,210 1,063

5 1,210 1,031 889 774 681

6 840 716 617 538 473

7 617 526 454 395 347

8 473 403 347 302 266

9 373 318 274 239 210

10 302 258 ' 222{ 194 170
11 250 213 184 160 141
12 210 179 154 134 118
13 179 153 132 115 101
14 154 132 113 99 87
15 134 115 99 86 76
16 118 101 87 76 66
17 105 89 77 67 59
18 93 80 69 60 53
19 84 71 62 54 47
20 76 64 56 48 43
21 69 58 50 44 39
22 62 53 46 40 35
23 57 49 42 37 32
24 53 45, 39 34 30
25 48 41 36 31 27
26 45 38 33 29 25
27 41 35 30 27 23
28 - 39 33 28 25 22
29 36 31 26 23 20
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avérage diameter of twelve inches and a spacing factor
of 1,3 the stand must have an average of 179 trees per
acre, Therefore, it is quickly concluded in the manége-z
ment plan to thin immediately and remove an averége of
360=179 or 181 trees per acre.

The author has also constrdcted Table VI for further
simplification of the computations necessary in drgwing
up management plans by the spacing factor method. Table
VI gives the average distance in feetbbetween tree stemé
in a uniformly stocked, even-aged stand for each spacing
factor value_and average diameter of stand.

Table VIwas constructed in the following manner:

by definition’
SF =

e le

Cross multiplication. of the above equation gives

D - SF X»‘d

which is the formula used in compiling the table,

| For the above hypothetical_problem'demonstrating
the use of Table V, we can now obtain the average
spacing in feet between tree stems in the étand that
must be left after'the‘present fhinning by reading it
directly from Table VI as.follows: the spacing factor
of the s tand 1s to be maintainedat 1.3 and the averagé



TABIE VI.==-=AVERAGE SPAUING IN FEET BETWEEN TREE STEMS
FOR EACH SPACING FACTOR AND AVERAGE STAND DIAMETER

Average - - spacing Factor
diameter : o ~ :
Of Stand Oo60 0970'< 0080 0090 1.00 1910

Inches Average spacing between
tree stems in feet

4 2,4 2.8 3.2 3.6 4,0 4.4
5 3.0 3.5 4.0 4.5 5.0 5.5
6 36 4,2 4,8 5.4 660 6.6
7 4.2 2,9 5.6 6.3 7.0 77
8 4,8 6.6 6.4 7.2 8.0 868
9 5.4 663 7.2 801 9.0 9.9
10 6.0 7.0 8,0 9.0 10,0 11,0
11 6.6 7e7 868 9.9 11,0 12,1
12 7.2 8.4 9,6 10,8 12,0 13,2
13 7.8 Q.1 104 11.7 13,0 14,3
14 8.4 968 11,2 12,6 14,0 15.4
15 9.0  10.5 12,0 13,5 15,0 16.5
16 " 9.6 1le2 @ 12.8 14 .4 16,0 17.6
17 10,2 11,9 15,6 1543 17,0 18.7
18 10,8 12.6 14,4 16,2 18,0 19,8
19 '1104 1505 1502 1701 19.0 2019
20 12,0 14.0 16,0 18,0 20,0 22,0
21 12,6 14,7 16,8 189 21,0 23,1
22 13,2 15,4 17.6 19,8 22.0 24,2
23 13,8 16,1 18,4 20,7 23.0 25.3
24 - 14.4 16,8 19.2 21.6 24,0 26.4
25 15,0 175 2030 22,5 25,0 27.5
26 15.6 1862 20,8 23.4 26,0 28.6
27 16.2 1809 21.6 24,3 27,0 29.7
28 16.8 19,6 22,4 25.2 28,0 80.8
29 17,4 2063 23.2° 26,1 29,0 &l.9

30 18,0 21, 24,0 27,0 30,0 33.0
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TABIE VI.---continued

Average ‘ Spacing Factor
diameter
of stand 1,20 1,30 1.40 1,50 . 1.60
Inches . Average spacing between
tree stems in feset
4 4.8 5.2 5.6 6,0 6.4
5 6.0 6.5 7.0 Teb 8,0
6 . Tel 7.8 . 8.4 9,0 Q66
7. 8.4 9.1 9.8 1065 11.2
8 - 066 10,4 11.2 12,0 12,8
9 10,8 11.7 12,6 13.5 14,4
10 12,0 13,0 14,0 15,0 16,0
11 1502 140.3 ' 1504 1695 1706
12 - 14.4 15.6 16,8 18,0 19.2
13 15,6 16,9 18,2 1965 20,8
14 - 16,8 18,2 19,6 21,0 22,4
15 18.0 19.5 21.0 22,5 24,0
16 19,2 20.8 22.4 24,0 25.6
17 204 22,1 23,8 25.5 27.2
- 18 21.6 23.4 25,2 27,0 28.8
19 22,8 24.7 2646 2865 30,4
20 24,0 26.0 28,0 30,0 32,0
21 25,2 273 29,4 . 31.5 33,6
. 22 26,4 28.6 30.8 33,0 35,2
23 27.6 29,9 32,2 34,5 36,8
24 : 28,8 31,2 3366 36,0 38.4
25 30,0 32,5 35,0 375 40,0
26 31.2 53.8 3604 39,0 41.6
27 32,4 35,1 @ 37.8 4065 43,2
28 3306 36,4 39,2 42,0 44,8
29 34.8 37.9 40,6 43,5 46,4

30 36,0 39,0 42.0 45,0 48,0
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diameter breast high at the time of the next ﬁhinning .
“will be 12 inches. Reference to Table VI at the point
corresponding with‘these'two vaiues gives 15.6 feet -
average distancé between tree stéms after the present
thinning treatment. This procedure saves no time for
smaller average diameters, but is ah aid when working
with largér average stand diameters.and larger spacing
factors, and it provides less chance for error in com-
putationse.

For a graphical'picture of the'tiﬁber stand under
management by the spacing factor method the author has
devised thgtgraph procedure as presented in Figure 4.
The author constructed Table V with the employment of

the formula

. ' 43,560
Number of trees per acre s ———

(sF x d4)%
Since this is a second degree equation, it should
plot as a straight line on logarithmic paper if thé v
spaeing factor is taken as a constant. A spacing
factor of les‘plots as a diagonal straight line.
,SincevTable V was compiled by use of the same formula,
1£s information ca n be used in 1ocat1ngja11‘the deéired
spacing factor parallel diagohal lines, and this is
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the mannér in which Figure IV was constructed. The
equation of the slope of these parallel, diagonal
spacing factor lines is a2 = 1/n 'ér,'in logarithmic
form for the'grﬁph,' 2 logd = =log n.

- This method of plotting spacing factor lines on
logarithmic gréph paper corresponds closely to the
plotting of stand density charts in which a constant

basal area, or constant perqentages of a chosen basal
area, are plotted on logarithmic graph paper. (11)
'The spacing factor graph prasepts the same 1nformation
as ﬁhe stand density chart, but presents this informa-
tion in terms of the spacing factor which, as discussed
prewidusly, is more easily émployed in plannibg»stand
management. | | |
Existipg uniformly stocked, even-aged stands unddr

management can be plotted on this graph by knowing the
number of trees per acre and average diameter breast
high before and a fter each thinning treatment., Exist-
ing managed stands can thus be studied 1nfrelatién to

how they conform to the parallel, diagonal spacing

ll. Schnur, G, Luther; Yield, Stand and Volume Tables
for Even-aged UplandOOak Forests, United States
Department of Agrficulture, Technical Bulletin
Noe 560, April, 1937 p.58.'
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factor lines., Properly managed stands under the
spacing fegctor method should plot in stair-step
fashion parallel to the spacing factor lines. .Desir-
able spacing factors f or future stands to be placed
~under management can be Qecided upon b_y plotting a
similar stand already being managed that has been deemed
by technical foreéteps as having justeibbut the right
stocking. The spaclng factor liné,a.long.which the
existing managed sténd plots on the graph,.can be
chosen a s being a good spacing factor to be applied
to the similar stand that isabout to fe puf(under'
management s Yield table data can also be plotted
in this manﬂer and may sometimes provide good infor-
mation. | :
The stand data in the hypothetical problem em=
ployed to provide an example in the.épplidation;éf
Tables V and VIvcan now belplotteﬁ on logarithmic
graph papera:s shown in Figure V. The ﬁresent plans
for managemént of the stand are s hown in black%&ith
 #0l1d lines indicating the effect of the thinning
treaﬁments and da.shed'lines denotinggrmvth_. Futui‘_e
manégement plans canb e plotted on the graph to give
a simple,'complete picture.. For this hypothetical

stand, we will assume the plan is to‘thinvafter each



additional three inches of average diameter growth and
just as t he stands reaches the spacingf actor of 1.3,
This projection of the management planm is shown in >
- Figure 5 in red. . We will also assume that either the
harvest cut or the period of accretion cuttings will’
come when this stand reaches an average stgnd'diameter
- of}21 inches. These also cogld be plotted on the graphe.
| Résponse of the fimber stand to management by the
‘spacing factor mehhod can be recorded by plotting basal
area values over average stand.diameter breast high

on regulaf graph papsr, Equivalent spacing factor
values can be plétted on the vertical axis in the same
manher as basala reas,and showing both values on the
same graph aids the forest manager in_approximﬁte con=
veréions to either unit, and gives a more compléte pic-
ture. In the Bypothetical problem employed above to
show the a pplications of Tabléslvvand,VI and’Figufes 4
and 5, the timber s tand had not been managed before so
no respohge to previous stand thinnigg treatments caﬁ
be plottéd. Héwever, at the time the stand reaches
21 inches a verage d iameter the stand's reSponée to the past
thinning treatments should theoretically plot SOmea
what as shown in Figure 6., Actually the stand's

response will not conform exactly to the theoreéical
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picture shown in Figure 6, but well made and well
carried out plans will force the stand's response to
closely approach this ideal., The timber stand could
actually show either greater or less response than is
B shown in Figure 6. The act of stamd thinning in.it—
‘self could affect the averagé stand'diameter s omewhat
'if average stand diaméter for management of this stand
1s based on all trees in the'standplnStead of only
final crop trees.

Note that in Figure 6 the practice of thinning
“under the spacing factor mahagemept method each time
that & constant number of inches in-a verage stand
diameter is_édded to the timbdrtétand causes the spac=
ing factor valuves (and conseQuently basa%érea:per acre
~also) that'are produced justa fter eachbstand treat-
ment to plot in a smooth curve for the entire period
of thinnibgs. A similar, harmonious curve would odcur
under any management plan using the spacing faétor,"
méthod and a plan to thin after eacha ddition of a
constant diameter 1ndréméntg These curves for space-
ing'factors and constant avérage diameter increments
could be plotted and_used as‘ah‘aid in govefning the
manaéement of a stand. In fact, this method could be

plotted on separateﬁ.graphs_ahd'be used to project the
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management planS»for,the standastigure 5 does. Actual
stand response would thenibe pictured on a separéte

graph.

POSSIBLE APPLICATION OF THEE SPACING FACTOR IN FOREST

MENSURATION

It can be seen that the spacingvfactof also has

a possible use in forest mensuration, but its most
important application is in that phase 6f forest manage-
ment for defermining thinning treatments a nd express-
ing stand.sta@king. Its use in forest mensuration has
been studied little as yet except for the one applibation
1n the estimation of timber volume which follows. (10)

The spécing factor of a timber stand can be con;
verted to the correébonding basal area per acre by use
of Table I or Figure 1. The cubic féot volume per acre
can now be obtained by multiplyibg this basal area by
the average tree height in the stand and then multi-
plying by the cubic.foot.form‘factor. This is shown

in formula form as follows:

Volume per acre in cubic feet = FF x BA x H

10. Matthews, Donald M., Illustration of Method of

Using the‘Spac‘ﬁg Factor in Timber Estimation,
mimeograph, 194 v
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To convert cubic"feet‘persﬁcre te cords per acre,
divide the number off cubic feet per acre by the
number of cubic feet of solid rough wood per cord‘
- for that particular species, size of tree, and
straightness of stem. Conversion:of cubic feet per
acre into board feet volume per acre is a little more
difficult. A new spacing factor.musf first be com-
puted. The averagéhdiametert>reasb high ih inches
is multiplied by thedecimal percentage factor for
that tree species to.Obtain the middle écaling dia-
meter. The average spacing between t ree stems in
feet is now divided by this middle scéling diameter
value to give the new, lﬁrger spacing factor value.
' The corresponding basal area péf acre is now found
by the use of Table I or Figure 1, and this basal
area in squafé feet per aéfe'is multiplied by the
estimated merchantable cubic feet per acre. The
numbér of cubic feet pera cfe is multiplied by the
number of board feet per cubic foot obﬁained by

one of the following formulae: (12)

i?s’Matthews, Donald M., Basic Formulas for Forest
Product Measurement, mimeograph, University of
Michigan, pe3ds '
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L) for Clark International 1/8" Rule

D = middle scaling diameter in inches
’ 32,5

Board feet per cubic foot = 10

2) for Clark International 1/4" Rule

Board feet per cubic foot = (10 -‘§%£§)0,905

~ 3) for International 1/4® Rule

(10 - 2225)0,905
D

Board feet per cubic foot

or

 Board feet per cubic foot = 0.1 = E%Lé

Determining board foot volume by use of the spac=
ing factor is démonstrated in the following example
problems the average spacing between tree stems for
a certain timber stand is twenty feet and the average
diameter breast high is fourteen 1n¢hes. It is assumed
that this is a stand of southern pine, and for such
éemistolerant pines the middle scaling diameter équals
A about 70% of the diameter breast.high outside of the
bark. The average saw ldg merchantable length is esti-
mated to be three logs or 48 feet. The average middle
scaling diameter inside bark equals 14 inches multiplied
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by 0,70 and 1s 9.8 inches. The spacing factor is the
‘qﬁotient of 20'divided by 9.8 and is 2,04, The corre-
sponding basal area per s cre for this spacing factor
value of 2.04 is 57 square feet per acre. The number

of cubig feet of mérchantéble saw timber equals 57 square
feet multiplied by the 48 feet of merchantable height
and is 2,735 cubic feet. Using the Clark International
1/8" Rule, the compuﬁation for the number of board feet

per acre is as follows:

~ Volume:' in board feet per acre = 2,735 (10-325)
' ‘ 9.8

Volume in board feet per acre = 2,735 (10=3,32)

Volume of the stand = 18,270 board feet per acre

Therefore, a timber stand of semi-tolerant southern
pine averageing 14 inchés diameter breast high, three
logs (48 feet) high and 20 feet between tree stems will
rﬁn 18,270 board feet measure per acre by Clark Inter-

national 1/8" Rule.
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THE HEIGHT FACTOR

The height factor is a recent development in the
attempt to find a convenient numerical method of ex--
pressing stocking in uniformly stocked, even-aged
stgnds. _The height factor is defined as that constant
fraction or percentage of the average dominant héight
of the uniformly stocked, even-aged stand at which the
trees are spaced in the stand for the full stocking
appropriate for the species, |

The chief proPBnent in the United States of the
height factor as an expression §f stghd stocking 1is
F.G. Wilson, Sgperintendent'of Cooperative Forestry,
Wisconsin Consérvation.Deparﬁment, Madison, Wisconsine
‘He states that height, within reasonable limits of
stocking, is negligibly affected by spacing, and that
height has the virtue of combining the cbmponenté of

age and site in one measurement. (13) He believes

13, Wilson, F.Ge, “Nﬁmerical Expression of Stock-
ing in Terms of Height", Journal of Forestry;
Vol.44, No.10, October, 1946; pp.758=761.
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that height is as suitable for the purpose of simple
numerical expression of stocking as it is for the
determination of site qualitye.

The height factor method of foreét'management is
ﬁo thin uniformly,stooked, even=-aged sﬁandS'm>a nume
bef of trees per unif area based on t he spacing of a
chosen fmmction of the height of the stand. For any

species the height factor formula for normal stocking
| on the a'c':re becémes

43,560

(ne)?

n = number of trees per acre

h = average dominant height of uniformly stocked,
even-aged stand

”"f = certain fraction of hsight approPriate for
' the species

Wilson has plotted this formula onAlogarithmic graph
paper. This height factor formula is a second degree
equation, and(therefore, plots,és a strasight 1ine‘bn
logarithmic graph paper if "f'" is constant. Wilson
observed that the lines for differaﬁt,values offﬁf” are
parallel and their commom slope canb e expressed by
vthe logarithmic equation 2 log h. = =log ne The

antilog of this equation is h® = 1/n. This equa=
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tion 1ndicafes in mathematical form that the ratio of
number of trees to the sqﬁare of the‘average dominant
height is the same.for all ages and on all sites. Wilsoh
states that this suggests a law of normal stoéking for
dlosed stands but that its #alidify can only be deter-
mined through experimentaﬁiono However, some support
 of the équﬁtion can be found through the plotting of
good, existing yield tables, |

Wilson employs the following method in plotting
~his height factor lines on logarithmic graph paper:

10 square chains lacre

therefore

>
(66 feet) x 10 = 1 acre

and

62 x 112 x 10 = 1 acre

For number of trees per acre he now computes

62 = 112 x 10 or 1,210 trees per acre at a
v : spacing of 6 feet between
tree stems
2 2

11 & 6° x 10 or 360 trees per acre at &
spacing of 11 feet between
tree stams

11

- 5% feet
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(5%)2' = 560 x ‘22 or 1440 trees per acre at a

spacing of 5% feet be=
tween tree stems

11 x 2 = 22 feet

222 . 360 x ()2 or 90 trees per acre at a
spacing of 22 feet be-~
tween tree stems

Thus Wilson chooses 1440, 360, and 90 trees per acre
‘as conveniently spaced values on the logarithmic

graph paper for plotting the diagonal:height'factor‘
spacing lines. These values in number of trees per

- acre can now be ﬁlotted over t he height which is coma.
puted by multiplying the respective tree spacings.

of 5.5, 11 and 22 feet by the denominator of the
héight fraction or by dividing them by the percent of
height, This can be expressed in formula form in the

following manners

n 43,560
| (ng)?
n o 43.560 | | _
(average spacing between trees in feet)®
Therefore

Average spacing between trees in feet = hf
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As an example, let the spacing between trees be
5.5 feet andthe height factor be 1/5 or 20%. These

substituted numerical values give

h = 27.5 feet

and in percent form we have

5,5 = 0,20 x h

h

h = 27,5 feet

In this manner Table VII, the number of trees per acre
over average dominant height at eéch height fraction,
aﬁd Table VIII, the number of trees peracre over aver=
agé dominant height at each height percentage value,‘
were constructed.

Table VII is employed in plotting the parallel,
diagonal lines of fractions of average dominant height'
on 1ogarithmic'graph paper as presented on Wilson's

~ logarithmic sheet in Figure 7. Table VIII is employed



TABIE VII.---AVERAGE HEIGHT OF DOMINANT TREES
: CORRESPONDING TO THE NUMBER OF TREES
PER ACRE AT EACH FRACTION OF HEIGHT

 Fractions of Number of Erees per Acre

Height 1440 360 — 90
Feet ‘
Average Height of Trees in Feet
1/3 16.5 33 86 |
1/4 22 44 88
145 27.5 55 110
1/6 33 66 132
1/7 38,5 7 154
1/8 44 gs 176

1/9 49,5 99 : 198

TABLE VIII.-==AVERAGE HEIGHT OF DOMINANT TREES
CORRESPONDING TO THE NUMBER OF TREES
PER ACRE AT EACH PERCENTAGE OF HEIGHT

Percent of Number of Trees per Acre
Height _
Feot 1440 360 90

Average Height of Trees in Feet

- 10 55,0 - 1100 220.,0
11l . 5060 1000 200.0
12 45,8 91,7 183.3
13 42,3 84,6 . 169.2
14 ‘ 39,3 7866 157,1
15 36,7 733 146,7
16 34.4 68.8 13765
17 32,3 64,7 129,4

18 3046 - 61.8 122,2
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TABLE VIII.-==continued

Percent of Number of Trees per Acre
Height
Feet _ 1440 _ 360 90

Average Height of Trees in Feet

19 - 28,9 57,9 115.8
20 27,5 55,0 110.0
21 26,2 52,4 104,.8
22 25,0 50,0 100,0
- 23 . 2599 - 4708 9507
24 22,9 45,8 91,7
25 22,0 . 44,0 88,0
26 3 21.1 42,3 84,6
27 - 20,4 40,7 : 8l.5
' 28 v 19.6 - 5905 7806 )
29 190 O 57 ® 9 ) '75 ® 9
30 18,3 36,7 - 7343
31 17,7 35.5 71.0
32 17.2 34.4 68,8
33 16,7 33653 66,7

340 ' 1602 5204 6497

similaply in plotting the lines of percents of height
in Fig’ure"S° It waé stated above that the logarith-
mic equation or the slope of the parallel lines of'the
fractiohs'or percents of height as shown In Figures 7
and 8'ihdicates that thé ratio of the number of trees

per acre to the square of the average dominant height









is the same for all ages-and sites, Also it was stated
that the validity in this can only be determined through
experimentation. Gdod, existing yield tables do give
some support to this theory, howeyer. An example of
how yield tables plot on this 1ogarithmic paper with
sloping height fﬁctor'lines is shown in Figure 9. The
yield table employed wés selected by R.C. Hawley as

an egample of good yleld tables. (14) This yield table
was plotted by the height factor method by F G. Wilson
to demonstrate the possible correlation between good
yield tables and the height factor logarithmic slope
theory. _

B.Go Wilson sets forth two t ables showing spacing
of all trees in percent of average heighf of'dbminant
and codominant tﬁees for certain species in different
site qualities and at various standa ges. (15) These

tables are reproduced here in Tables IX and X,

14, Hawley, Ralph C.3 The Practice of Sil&iculture,
John. giley and Sons, Inc.; Fourth Edition, 1937g
pPe 192,

150 Wilson, FoG’o, opo.c»itq’ pz 7590
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TABIE IX.=--=SPACING OF ALL TREES IN PERCENT OF AVERAGE
' HEIGHT OF DOMINANT AND CODOMINANT TREES

Site quality

Age of Stand ~ Good = Medium - Poor
Years o * . f in percent
Jack pine
30 18 20 22
ae | 18 19 21
50 - 18 19 21
60 17 19 21
70 | 18 19 21
80 18 20 | 22
Aspen
20 12 12 12
. 30 14 14 14
40 15 15 15
50 16 16 16
60 17 17 17
70 | 17 18 18
80 18 19 20
Red pine
40 o 20 . 21 | 20
60 | 18 18 19
80 | 17 17 19
100 17 v 19

160 | 18 18 20
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TABLE X.=-==SPACING OF ALL TREES AND OF DOMINANT TREES
"IN PERCENT OF AVERAGE FEIGHT OF DOMINANT TREES

Site quality

Age  Good Medium Poor Good Medium Poor

o All trees Domihants

Years f in Percent

Black spruce

40 13 12 13 18 18 20

60 12 = 12 12 17 17 18
80 12 11 12 16 16 17
100 12 11 12 15 16 17
160 - 11 11 11 15 15 16
Red oak
20 16 16 16 22 22 23
40 18 17 17 22 22 . 23
60 19 19 9 23 23 23
80 20 20. 20 23 24 24
100 21 21 21 24 24 25
160 22 23 22 25 26 26

' The conclusions which Wilson draws from the data
presented in Tables IX and X are as follows: |

"ls The factor 'f' decreases with tolerance.
The discrepancy between red and jack pine
is explained by the fact that jack pine,
while definitely more intolerant, will en=
dure extreme crowding from the sidee.

2,;Site has no effect on 'f',
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3¢ The factor 'f' definitely increases where
suppressed trees are excluded from the
stand.

4, The factor 'f ' varies with the natural
ability of species to 'thin out with age',™

The apparént fact from Tables IX‘and‘X is that aspen
and red oak are thinning out with age and their spacing
1ncreases,'while black spruce and red pfne show just
the oppésite trend in that they become more crowded with
age. Wilson endéavors to justify this fact by suggest-
ing that it may be a feflection of characteristic diff=-
erences 1n the form.of crowns. Wilson statés‘that it
‘appears from these two tables that perhaps species tende
‘ing to become mofe crowded, eSpécially when originating
as dense stands, shouid benefiﬁ most from thinnings.,
| The height factor method of expressing stocking
in uniformly'stocked, even-age‘d stands is a metho_d which
. has been greatly‘neglected in forest management reseafeh,
and all too little is known about its aétua1 adﬁantages,
‘disadvantages, and possibilities. Very 1ittle has been
‘done to time thinningvtreatments by height growth,
| Wilson, in his Star Leke Plantation, (16) set up

16, Wilson, F.Ges Thinning a Pine Plantation~ State
of Wisconsin Conservation Dep: Department, Madison,
Publication 515, A-=44,
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two experimental plots with one to be an unthinned
control plot and the other to be thinned to & height
factor percentage of 20,5 every time the stand adds
seven feet of height. The Star ILake Planfation was

32 years old when the plots were laid Quf and is 37:
years old nowe Only one thinning and growth period

have occured to date, but the thinned plot added ezactly
-the same amount of basal area per acre during the growth
period as the unthinned plot. This indicates that the |
thinned plot has not been understocked by t he treatment.
The factor of 20;5% to express thavstocking_of the residp=
ual stand of the thinned plot was reached byt he first
thinning at a time when Wilson had not yet worked on

the height factor concept, but the approval given by
foresters for that stocking on his ﬁhinned plot encourag-
od him to maintain that residual stocking until the
time of accretion cuttings. The present aqtualjdata
and the projection of management plans for the plbts at
Star Iake are shown in Figure 10, Wilson depkcts stand
reéponse to managemént with'the'height factor method of
expressing stocking by plotting basal a rea peracre over
alverage stand diameter. The reSpénsé thus far at Star
Take is.shown in Figure 11,

To depermine correct height factor values for
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vdifferent tree species under mahagement for various
products, much research must be done on experimental
plots set up for controlled thinnlng¢ Figures 12 and"
15 are the height factor and responée grapps of three
experimental jack pine‘plotsAplbtted originally by
Wilson with data obtained from the Lake: States Forest
Experiment Station. (17) Plot No, 29 of these three
plots was left unthinned while_the other two plots,
Numbers 26 and 27, were given thinning treatments.
N6. 27 was thinned heavier than No., 26 by a éonsid-
erable amount in order to bracket and determine the
height fadtor level of stocking which produces the
greatest increment vihue from the forest stand. The
best stocking for jack pine in this case lies between
épacings of one=fourth and one=fifth of height as in-
disated by a dompéfisop of the responses of the three
pldts and retﬁrns from commercial thinnings. The'
heavy initial thinﬁing of Plot 27 was noncommercial.
This thinning removed many trees that could have been
permitted to grow to pulpwood 8ize for a greater com=

mercial thinning later,‘yielding a larger cash 1ncome

17, Wilson, F,. Ge, Numerical Expression of Stockw'
ing in " Torms of Height, opecit., p.760,.
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from the stahde Setting up several series of experi-
mental plots like this for partiéular_species and with
each series in a different s ite would determinetg%rrecf
 height factor for each species'and would determine the
effect of site. Thinning by height growth would mean
tﬁinning less often on poor sites than on good sites.
Until enough data from experimental plots thinned and
managed on the height factor basis has been compiled

it will nbt be known how sound the height factor slope
equation, 2 logh = =log n, is,

| .As indicated'above, jack pine probably should have
stand;stocking limits between one-fourth and one-=fifth
of height. Wilson believes a stocking between dne=-sixth
aad oﬁe-seventh of height would be good for spruce and
true firs, anda,tﬂ& eastern white pine probably should
have a stocking between one-fifth and one=sixth of heiéht»(lB)
| By the manner in which Wilson plots thinning and
growth data.bn his height factor dénéity sheeté, it can
be seenvthat_the subject of proper dansity for the stand
'13 approached from the cbnéept of thinniné‘down (on the

graph) to a certain height factor 1line aftera certain

18, Ibide, pe76l.



amount of height growth has taken‘place in the stand.
Therefore, it is important in thls procedure to reach .
a plan which always calls fér a thinning befose enough
height’groﬁth has taken place to cause overcrowding of
the stand undér the standards of a particular ﬁanégé-
ment plan. |

| To thin down to one particualr height factor line
(as pictured on a height factor graph) whenever the
stand arrives'through growth at some smaller height
factor (which would bé pictured higher on the graph)
is an.. unsatisfaétorj plan. This plah_would,mean, fdr
example, that if it was plannsd to méintain‘a stand )
between a height factor of 20% and avheight factor of
25%, the stand at the 1,440 trees peracre level would
'be thinned after 5.5 feet height growth, at the 360
trees pera cre level the stand would be thinned after
il fest height growth, and at the 90 trees peyécre‘leve1
the stand would be thinned‘afterbzz féet height growthe.
The more intemmive the plan of management the smaller
amount of height growth permitted between'thinningéo
The timing of thinnings should be by height growth
1tself. | | -

Since by Wilson's method of planning future stand

treatments;'as Showh in Figure 10, the stand to be



‘placed under managément in the manner shown on the
height factor graph will be almost constantly of higher
stocking than the height factor line chosen for proper
stbdking, it is important o choose a height factor
lihe that will actually be an understoéked value for
that stand under a partiéulér mansgemant plan. In this
way the stand will not be allowed td become overcpowded,
| and growth can be maintained at the ﬁaximum desired '
rate. Frequency of fhinnings will be determined by the'
vintensity of_managemantbplanned and the predicted rate
'of height growth duringtthe life of the stand. This
fréquency of thinnings will be an important itmm in
déciding on‘thé proper height factor:line to thin down
to (as represented on a height factor graph) during
each thinning tréatmente,'The more frequent timing- of
thinnings allows the choice of a highér stocking height
facor line that will be closest to the stocking value'
- ‘decided as the proper étocking af which that stand is
still not overcrowded and growth,is still at the desired
rate.
' This complicated appfqach to the height factor
method of uniform; even-aged stand management in select-
ing a height factor line to thin down to at each‘stand

tregtment requires firsta decision as:to what stocking
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the stand myst not exceed and then a decision as to
what constant stocking the stand will be thinned to

at each treatmento The height factor method of tim-
1ﬁg thinning treatments is to thin each time a constant
increment of heighb is added to theaverage dominant
and codominant height of the stand. By referring to
Wilson's interpretation of this method in Figure 10,

it can be seen that in timing thinnings by his vari-
ation a stand will reach the greatest,stocking of its
life history just béfore the first treatment, and 1its
stocking just»befpre each succeéding tréatment will

be progressivély-lower. in effect, this means the
stand will not be thinned éachvtime it reaches a cone-
stan®, full=-stocking, height faétor &alue throughout
its 1life history. Thus, from the stand stocking point’
of view a stand will ha§e progressively shorter inter-

vals between treatments,

THE DEVELOPMENT OF A MATHEMATICAL PROCEDURE'FOR
MANAGING STANDS BY THE HEIGHT FACTOR MEEHOD

- To simplify the decision as to what height factor
to use in managing a stand by the height factor mehhod,
and to put this method more on a comparable par with
the spacing factorvmethod, the éuthor of this thesis

has devised anotherapproach‘in managing stands by the
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neight factor systems |

First the height factor at which a stand is fully-
stocked must be decided upon., Then each time the stand
arrives at this height factor wvalue the stand is thin-
ned, and theréfore; is never allowed to become over-
stocked with deureasing}growth rate resulting. Timing
and severity of thinhing treatments are basédvon.access»
1bility and value of the stand and its growth rate.
The intérval between thinnings should bé measured in
height growth increments., This positive abproach of
selecting just the one height factor line as represented
on a height factor graph and thinning each time the
stand reaches this stocking value offers a simplifi-
cation of the height factor method. Otherwise the
height factor method invoives the task of determining
a lower stocking height factor, which on a height factor
graph 1ies below the chosen full-stocking value, Tﬁis
latter requires thinning down to the iower height fac-
tor on the graph, and -at the same time scheduling future

thihnings so that the stand during periods between thin-

nings will not exceed,the fuilwstocking value and decrease:

the average growth rate that it was planned to maintaine.
The approach presented by the author of thinning each

time a stand reaches its full-stocking is the same
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agproach édopted by ProfessQr‘Matthews in developing
the spacing factdr method of stand management.
This approach to t he heighﬁ factor method of
stand management canb e demonstrated by the use of A
the hypothetical problem which follows: 1t is decided
to put a uniformly stocked, even-aged stand of jack
pine under managemeht agd that a height factor of
1/5 or 0,20 will be the full-stocking value. It is
' predicted that undef manageﬁent the stand will main-
tain a height growth of ten feet in ten years. Because
of the gredioted rate of height growth to be maintaineé.
on that site while the stand is under management and
because of‘the stand's accessibility and the value of
its intended products, the manégement plan is drawn
up t o thin each time thevstand adds ten feet in height.
This will mean thinning approximately every ten years
due t o the prédictedz*ate of héight growth. Let"y"
fepresent the number of years betweenﬁhinnings and"r"
. represaat the rate of height growth each year. Then
"$" x "r'" represents the height growth between'thinningso
In this problem "yr" equalsvten feet, Assume that the
‘stand now averages 3,000 trees per acre and that the
average helght of dominant and codominant tbees is 25

* feet, It is planned to carry the stand through until
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its final crop trees are 75 feet tall, _

. The author of this thesis haé devised a system
to mathematicélly compute the management of a stand
under the height facfor method. This mathematical
procedure closely parallels that followed uﬁder the
spacing factor method.

Since the general height factor equation is

43,560 ' :
'n = "7;;75 and in this problem n = 3,000

and h = 25, the present height factor of the

stand can be computed as followsz

_ 43,562 _ 42,260
(hf) h'f
92 45,560
f 2 2;
" nh
‘V45 560
) Pt Rdortiodl
£ = 43,560 . n
. U nh~ B

- ,V45,560 ' -
present 3000 V14.52- 3,8105
5 = 25 =

height =~ o o5 = 0.15

factor
The height factor varies'inversely with the stocking.

AThe present héight faﬁtér'of 0,15 is leés_than.tha

fuliynstockéd height factor of 0@20, and therefore,
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‘tha stand is overstocksed and in immediate need of_thin-
nings »
The eQuation for the height factor of 0,20 is

n -£§4§§22 and can be reduced as follows{
(0.2n) ‘

n 43,560 _ 45,560 _ 1,089,000
(0.20n)%  0.,04n% e

Since it is planned to thin again when the stand
adds"yr"or ten feet in height, the stand will be 35
feet tall at the time of the second thinning. There-‘
fore, the number of trees ﬁhat must exist in the stand
just before the time of the second thinning can be

computed in the following manner:

1,089,000 1,089,000 = 889 trees per
-—_ — acre

(nayr)®  (25410)°

During the present thinning, therefore, an avefage of
3,000 minus 889 or 2,111 trees per acre must be removed
and an average of 889 treeé pef acre left standing.
Thb~genera1 equation for obtaining the prOpef |
average number ofltrees per acre at future thinnings |

is as follows:

43,560 _
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In this problem we are dealing with a constant height
factor of 20%, aﬁd‘tharefore,‘simplifyvthe:mathématics
by using the equation n = %ﬁ%?%jgggi,}which is for
the specific height factor of 20%. Such a specific
equétion can be derived for any particular height fadn
tore |

Projecting this stand to the third thinning treat-
ment is a simple matfer. When the third.thinning treat-
ment comes the sténd will have an averageﬂheighﬁ of
dominant and codominant trees of 45 feets In order
to just reach full stocking when the timé of thelthird

thinning arrives the stand must have the average num-

ber of trees per acre computed by the equation,

- 1,0222000 .
and is 538 trees per acre at that time., Therefore,
inthe second thinning an éverage’of 889 minus 538 or :
551 trees per aéré will be removed from the stand.
» All subsequent thinning s can be.computeé in thié,mane
ner. , | |
'The projécted management of this stand is plotted
on the height factor graph of Figure 14, Note that
the management hiStéry‘of thhs stand plots below the
height factor line éhosen as the full stocking value
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while in Figure 10 the plotted stand history of Wilson's
Star Iake plot lies above the height factor line chosen
as the constant stocking vélue by which that stand is
managed. It canbe seen in'Figure 10 that if the height
. factor of 0,205 or 20,5% was intended to be the full
Stocking‘value for red‘pine the Star Lake_Stand would
‘be almost constahbly overstocked during its life his-
tory. 1In Figure 11 it is shown that the stand of jack
pine will be almoét constantly of lower stocking than
~ the height factor iine'chosen to represenf full stocking.

Assume that in this hypothetical problem the stand
of jack pine at present has an average of 1,200 trees
per acre and an average dominant and codominant tree
heighf of 25 feets, All other data is taken as remaine
ing the same as in the first.casee |

‘The first séep with this problem is fo:again deter~
mine whether the stand is at present fully-stocked,
overStocked”or uhdurstockedo The present stocking is
obtained aé follows with the use of the equation em-

ployed in the first part of this hypothetical problem:

| . ‘}ggﬁggg. “ vﬁ%é%SQ 36.300  6.025
£ ol 2 127
T n 25

= g; = 925

f = 0,241 or 24,1%
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The present heighb factor stocking of this jack pine
' stand is 24,1%. Therefore, this stand 1is now under-
stocked since its pfesent height factor value is greater
than the chosen full stocking height factor value of
2000%.

The/determination as to when this stand will
reach full stocking and be in need of a thinning treat-
ment can be made in the following manner: the average
number of.trees per acre at present i1s 1,200 and the
chosen f ull stocking height factor is 0,20 or 20%. u
Therefore, the average dominant and codominant height
of the stand when full stocking is reached can be com-
puted by use of the Beight factor equation. This com-

putation is as follows:

43,560
f = ?
) —
therefore,
43,560
. n

h -
' £ at full stocking

: ahd, substituting the values in this problem,

W45 560 o,
v —3566- ©65025
h T T A e T MWD

= o ————— o
o . a3

= 30.12 feeot

0620 0,20 average
I height
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The staha will'bécbme fhlly stocked when the aVerage
height of its dominant aﬁd codominant trees réaches
approximately 30 feet. Therefore, the first thinning
treatment will come when the stand adds an average
height of 30 minys 25 or 5 feet,and subsequent thine-
'ningsvwill come after each additibﬁ of ten feet in
height. By means of the original data given in the
first part of the problem.this timing of thinnings

by height growth can'be converted to years. Thus,
since it is predicted that the stand.will maintain

a height growth rate of ten feet every ten years R
the‘first thinning will come about five years from
now when the stand averages thirty feet tall. A gen-
- eral formula for directly obtaining the amount of
height growth requ1red vefore a standﬁbecomes‘fully-

stocked can bw derived as followss

let yr = the amount of height growth to be

added before a standbecomes’ fully-
stocked
then n . 25,560

[(neyr)s] 2

43,560
nf

(h $ 'yr)g =
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| . V 455560
h + yr |,
f .
v 43,560 '
. n
yr - h

- T

Subsequent thinnings in this hypothetical problem
will come at approximately ten year intervalsleach time
the stand adds ten feet in height. The average num=
ber of trees per acre t o be removed in the thinning
treatment five years from now can be cbrdputed° At the
time of the second'thinning the standw ill average 30
plus "yr" or forty feet in height and will have just
reached full stocking with a height factor of 20%.
Therefore, fhszaverage number of trees per acre in the
fullywstocked‘stand.just before the second thinning |
canbe computed as follows with the 20% height factar

equation derived and employed in the first part of this

problems
' 1,089,000 1,089,000
n g T T TS5 =« T35 = 68l trees
(30+yr)? 40° per acre

Thus, in the first thinning an average of 1,200 minus
681 or 519 trees per acre will be removed and 681 trees
per acre will be left. The other subsequent thinnings

can be computed in the same manner,
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HEIGHT FACTOR CROWN OPENTING FORMULA

The author has developed also a method of comput-
ing the average crown opening cregted by thinning a
fully=-stocked stand that is being managed under.the
height factor method. |

When a stand 1s-fﬁ11y;stocked just before a thin-
ning 3 it has, by definitionpin the height factor equa-
tion, an average distance in feet between tree stems
equal to"h fs The average spading between trees in
ﬁhis stand just befdre the next, subsequeht thinning
mgst be (h ¢ yr)f, QThefefore, this latter aberage
spacing of (h 4 yr)f must be created by this first
thinning. Thus the full canopy of tre&’érowns, with
no 1nteriocking branches at proper full stocking, will
be opened up'an awerage distance bétween crowns equal
to ‘the difference b etween the average spacing of the
stand just fully?stocked before the!thinning and the
éverage spacing pf the stand aftef the'thinning°. This

can be presented in formula form as follows:

let V8 the average crown opening or open dis-

- tance between crowns in feet
then 0 = '

(h + yr)f = nf
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and simplifying the equation by factoring " f " gives
0 = £ (h+yr=-nh) |

and | 0 = fyr ‘
- This is the crown opening formula to be employed in
the height factor method of forest management. This
formula closely parallels the spacing factor crown
openihg formula. . o | |

The above hypothetical probiem of putting a_stand
of jack pine under managément can be employed .to dem=
onstrate the use of the crown opening equation. The
height factor of the.fully-stockéd stahd of jack pine
was chosen tobe 0,20 or 20%. The height increment
between thinnings was chosen to be fen feet, which can
be éxpressed as"yrt Therefore,the average crown open=
ing created by properly thinning this stand when it

reaches ffull stocking 1s computed as followss

[

= fyr
g 0,20 x 10 = 2,0 feet'average open
distance between crowns
This aberage‘crown opening of 2 feet should be created
_after eachvthinning in this problems
For easy reference énd;ietermination of the amount

of crown openhing to be expected for various full sbocke
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ing height factors and'vafious gize height increments
between thinning treatments, a general table can be
constructed. 'Table XI shows the average crown Openihg
created by thihning treatments for each full stbcking
height factor fractibn'énd average ﬁelght growth incre-
ment etween thinnings. This table can be constructed
‘also with the height factors expressed as peecentages.
In addition to obtaining direébly from Table XI the -
crown opening to be createdt:y a thinning, Table XI
also canbe used in obtaining the average spacing be-
tween tree stems that will be createdﬁbyW;he thinning.
The average spacing between t ree s tems afteré thine-
ning will equal the average s pacing before thinning,

" plus the average crown opening to be created by the

thinning. This can be expressed in formula form as

follows:z

let : hf = the average spacing between trees -
in feet as is defined by the height
factor equation

let 0 = the average crown opening in feet

| as read from Table XI

let S = the average spacing between trees in

. feet after the thinning
then 'S = hf 40, v
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TABIE XI.---AVERAGE CROWN OPENINGS IN FEET TO BE IEFT
IN STAND THINNING TREATMENTS UNDER HEIGHT FACTOR METHOD
: OF MANAGEMENT

- Average stand = Full stocking height growth factor
height growhh ll/s’ 1/4| 1/5| 1/6! 1/7' 1/8| 1/9|
_inerement between ' | ,

thinnings in feet )

Average crown opening (or increase
yr - in spacing above the full=stocking
spacing existing before the thin-

‘ning)in feet o -

0 = fyr
3 1,00 |0675 |0660 [050 [0643 [0,38 |0.33
4 - 1033 1.00 OQBO 006'7 057 0,50 |0.,44
5 1,67 (1625 [1.00 [0,83 |0,71 |0,62 |0.56
6 2,00 [1:50 |1.20 (1,00 |0686 (075 |0.67
7 2033 |1o75 |1640 1,17 |1,00 |0.88 |0,78
8 2067 2500 19‘60 10'53 1014 lo.OO 0089
9 3,00 (2,25 (1,80 |1,50 |1.29 [1.12 (1,00
10 ' 3953 2050 2.00 1.6'7 1945 1025 1011,
11 3467 [2.75 [2.20 [1.85 1,57 [1.38 [1.22
12 4.00 3,00 [2,40 (2,00 1,71 |1.50 |1.33
13 4,33 3,25 |2,60 (2,17 [1.86 |1.62 [1.44
14 14067 |3.50 2,80 [2.33 [2.00 [1.75 |1.56
15 5600 |3.75 |3,00 [2.50 |2.14 [1.88 |1.67
16 f 5.33 (4,00 [3,20(2.67 |2.29 [2,00 |2.78
17 5667 |4.25 |3.40 (2,83 [2.43 2,12 |1,89
18 - 6,00 (4,50 |3.60 |3.00 [2.57 [2.25 |2,00
19 1633 |4.75 3,80 [3.17 |2.71 [2.38 2. 11
20 6067 |5600 |4,00 |3.33 |2.86 [2.50 |2.22




A COMPARISON BETWEEN THE HEIGHT AND THE
DIAMETER METHODS OF EXPRESSING STAND
STOCKING, WITH CONCLUSIONS DRAWN
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CORRELATION OF SPACING FACTOR LINES AND HEIGHT FACTOR
LINES WITH ACTUAL STAND DATA AND YIELD TABIE DATA ON
' GRAPHS

While discussing above the fact that the height

factor equation, n = '%%;%29 , possibly reflects:

a law of normal stocking for uniform, even-aged, closed
~stands, 1t was mentioned that present support of the
height factor equatioﬁ must be found in the histories
of well managed stands énd in yield Eables. Final
proof of the merits of the éﬁuatioﬁ‘must be obtained
through experimentation. However, this suggestion of
referring to existing managed stand histories and to
existing yiedd tables for support of the height factor.
equation also offers a medium through which the hgight _
factor can be compared with.the Spacing~fac§or. ‘Thus,
the height and t he diameter methods of expressing stand
' stocking canbe 00m§aredlin part on this basis. Histor-
ies of managed spands and data from yield tables can
be plotted on both height factor and spacing factor
graphs if all the required stand measdrements»are‘given.

The correlations of these plbttimgs with t he height
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factor lines aﬁd'spacing-factor lines and the charace
teristie relationships shown by the graphic presenta~
tions can be studied to indicate the possible merits
‘of each method and to compare the two methods.

The task of dra@ingiconclusiéns from the manner
in which the data frbm‘stand hiétories and yield tables
plot on these graphs offers many difficulties, Thin=
ning is done in many and various ways. It is an art,
~although it sholld be guided bykproper management plans
to utilize its full potential value. ?he differaat
thinning methods will influence differently the gen-
eral appearance presented by the plotted data of stands
and the correlation of.the plottéd stand histories with
the height factor lines and spaéing factor lines.

If a stand is thinned from "underneath", taking
out the suppressed and oppressed and less desirable
trqes,and the recorded height of the stand is the
average height of all the trees in the stand; then the
avefage.height will be increased as the direct result
 of each thinning and this pattern will be reflected
on a height‘fgcﬁor graph. If the recordéd height of
the s tand is of the average height of the dominant and
codominant trees chosen to eventuallybecome the final

_Crop, then this dominant and codominant height will -
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not jump as a direct result of each thinning treat-
ment. This same relationship holds true in the case
of the spacing fgctor anda verage stand diameter also.
The diameter growth of the final crop trees can be
méintained at quite a uniform rate throughout the life

of a stand by proper menagement.

CORRELATION OF SPACING FACTOR LINES AND HEIGHT FACTOR

LINES WITH DATA FROM INDIVIDUAL, UNEFORMLY STOCKED,
EVEN=-AGED STANDS

Eventually, manj experimental plots Should be
established under varied sites and conditiohs and
manéged consisteﬁtly throughout their life-spans under
‘particualr height factor standards and spacing fgctab
standards in order t o determine theactual worth of these
methods, their advantages and limitations,and the pos-
31bie scope of bheir_applications. Until the time
such experiméntal plots aré established anqﬁn gin
contributing data, some conclusions can be drawn by
~Obserbing the correlation of data from existing, unié
forﬁly stécked, even-agéd managed stands with the
‘height factor and spacing factor lines even fhoughv.
these stands were nét managed by the height factor

or spacing factor method.
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The autﬁor has plotted the stand data of several
tree plantations of fhe University of Michigan on
height factor and spacing factor graphs. The data
for these managed stands, which are located on the
Saginaw Forest, Ann Arbor, Michigan, is fairly complete
and offers a means of’studying the correlation of ac-
tual stand hiétories with t he slopes of the height
factor lines and spacing factor lines. Occasionally
some.specific data is lacking, which decreases even
more the reliability of graphing this data by the
‘height factor and spacing factor methodsj But usuélly
enough data is present to allow the a uthor to'make a
close estimate of what the missinga ctual values should
bw. Some of these stands have had ofher trees planted
within the stand at later dates, Other difficulties
were occasionally confronﬁed also., No specific con=-
clusions should be drawn from the gréphs of these
stands prgsentedloelow as'to the acﬁuallstocking té'
| which various species should be held mor should other
specific conclusions be drawn. The purpose.here in
plotting this data is to compafe_ the relative manner
in which the same stand plots on eacﬁ type of graph.

The datavof the thinned and unthinned eastern

white pine, Pinus strobus, plots of Lot 2b, Block 1,
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Saginaw Foreét,-is plotted on the height factor graph
of Figuré 15, the spacing factor graph of Figure 16,
and the stand response graph of Figrue 17, The data
from whicﬁ these graphs were plotted is shown in
Table 1 of the appendix. Photographs taken of this
- stand in December, 1948 are in Figure 1 of the appendix.
Note that the cbrrelation of the stand data with
the slope of the lines of stocking in both Figures 15
and 16 1is quite'good, but that the siope of the stand
data is not quite as steep as that‘of the stocking
lines. From the standpoint of both these graphs the
stocking of this stand is steadily increasing. -Figure-
17 shows a constant increase»in’basal area to over two
hundred équare feet basal area per acre. The correla-
tion of the stand data of thé thinned piot with the
slope of the stocking lines is very good»on’both thé
height factor graph and the spacing factor graph. How-
ever, the data from the unthinnéd plot correlates better
with the spacing factor slope than with the height fac-
tor slope. ‘The latter p'ar.t of the stand history of
the unthinned portion of the stand, plots inwhat is.
very nearly a steaight line on ﬁhe Spaqing factor graph
and is almost parallel with &he stocking lines.
Note that on the height factor graﬁh'the average
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height of the dominant and codbminant trees does not
increase directly as a result of each thinning, while
thé average‘stand diameter on t he spacimg factor graph
does increase as a result of each thinning. - If the
diameters recorded on the graph were the average of
only the dominant and codominantvtreesAto.remain in
the stand and not the average of all trees, then the
diameters recorded would not imcrease directly as a
result of each'thinning but would present the same
general picturé on the spacing factor graph as the
height recordings do on the height factor graph.
This same condition exists in the data of all the
other stands selected by the author from tbe Saginaw
Forest and nresented in graphic form below.

The stand data of the.thinned and unthinned

eastern white pine, Pinus strobus, plots of Lot 2¢,

Block 1, Saginaw Forest, is plotted on the height
factgr graph of Figure 18, the spacing factor graph
of Figure 19, and the stand response graph of Figure
20, The data from which these graphs were plotted
is.compiled in Table 2 of the appendixs, Photographs
of this stand gre in Figure 2 of thé appendixo
The corr@lation of the stand data'fqr,this white
pine stand with the slope of the stocking lines
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appears to be about the same onbthe spacing factor
graph and>the height factor graph. Again_stand stock=
ing increased steadil?u%ﬁ% period for which &here was
data. The stand response graph of Figure 20 shows
sharp incréases in stand stocking after each treat-
ment of the thinned plote

'The_stand data of the Austrian pine, Pinus austriaca,

stahd of Ibt 2a, Block'l, Saginaw Forest,'is plotted
on‘the height factor graph of Fiéure 21, the Spacing
factor graph of Figure 22, and the stand response
graph of Figure 23. The stand data used in these
graphé i{s in Table 3 of the appendix and photographs
of this stand are in Figure 3 of the appendix.
Correlation of the Austrian pine stand data with
‘the lepes'of both the height factor lines and the |
spacing factor lines is quite good. In both cases
the dafa plots in a general line fhat does not hage
quite as steep a slope as the stockihg~lines, ‘This
Samelrelationship was true in the case of both eastern
-white pine stands discusseé above, bThe Austrian pine
stand data plots in a general line that has very nearly
a constant slope. The slope of this génaralj 1ine on
the spacing factor graph ié neafly equal tobtﬁe'51ope

of the spacing factor lines, while the slope of thé
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_stand data on the height factor graph 1n relation to
vthe height factor 11nes is'not quite as close.; The |
:stand response graph of Figure 25 shows the basal area
igrowth of the stand zand oﬂfers a good comparison with
:?the stand response graphs Flgures 17 and 20 for the
teastern white pine stands discussed above.> The Austr*an
.tpine stand response graph shows not as great a rate
‘of increase 1n basal area as 1s shown for the two white
ifpine stands. Thus,‘the Austrian pine stand data plots
| moré nearly parallel to the Spaclng factor liaas on
the sppacing factor graph.then 'do the stand data of ﬁhev
two white pine stands;
‘. The stand date of the western yellow pine, Pinus
onderosa, plot of Lot lv Block 5, Saginew Forest is
plotted on the height factor graph of Figure 24, the _
- spacing factor graph of Figure 25, and the stand response
graph of Figure 26. The stand data used in theee graphs
is in Table 4 of the appendix and.photographs ‘of the
stand are in Figure 4 of the appendix. v
Note that this $tand did not begin the trend‘of
maintaining ehy constant slope on the graphs until it
reached a stand heigbt of about 27 5 feet on the ‘height l
factor graph and a stand diameter of 4 6 inches on the

spacing factor graph. The stand.data‘of the plots
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previously discussed appear to begin conforming to ¢

some constant slope earlier in the lives of the st&nds.; '

_ Thé;stand data of this ponderosa pine stand plots in
a generél line whose sldpe abpears‘to correlate closer
with that of the spacing factor'lines in Figure 25 thén
that of the height factor lines in Figure 24. The
stand response graph of Figure 26 shows the large 16-
crease in basal area per acre during the early life
of the ponderosa pine stand. This reflects the same
picture of the early life of fhe stand as portrayed
in Figures 24 and 25. | ‘

The stand data of the thinned and unthinned plots
of the Scoteh pine, Pinus sylvestris, stand of Lot 1,

Block 1, Saginaw Forest, is plotted on the height fac-
tor graph of Figure 27, the spacing factor graph of
Figure 28, and the stand response graph of Figure 29.
The stand data used in these graphs is ih: Table 5 of
the appendix and a photograph of thé stand is in Fig=
ure 5 of the appendix. Correlation of the Scbtéh pine
stand data with the stocking lines is fair in both
'Figﬁres 27 and 28 and appears to be somewhat bester in
the height féctor'graph-than in the spacing factor
graph for this pafticular stande In both types of
vgraphs the stand data again plots along a line wf;h’
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‘not quite as steep a slope as that of the graph's
stocking lines. Note the cbnsiderably'higher stock=-
ing of the unthinned Scotch pine ploﬁ in relation
to the thinned plot. This difference is brought out
bestlin the stand response”graph of Figrue 29, The
spacing factor graph and the stand'feéponse graph,
however, show that the thinned plot has a :higher
average stand diameter t han the unthinned plot, partly
compensating f or this large difference in stocking.
The height factor graph of Figure 27 does not reflect
this partial compensation since the average heights
of the two ploté are about equal, and in fact, the
average height of the doﬁinant and codominant trees
in the stand is actually greater on the.unthinned
plot than on the thinned one. This can be constnued |
as beiqg a disadbantage for the heightlfactor graphe
The brief history of the thinned and unfhinned

plots of'the western yellow pine,.Pinus ponderosa,
stand bf Iot 5, Blodk 5, Saginaw Forest, is plotted

on the height faqtor'graph of Figure 30, the spacing
factor graph of Figure 31, and the stand response %
graph of Figure 32. The stand data used in these
graphs are in Table 6 6f the a ppendix, a nd photo=
graphs of this standare in Figuré 6 of the appendixq -
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The thinned plot ofvthis stand is plotted only
through two thinnings and one growth period, and the
unﬁhinned'plot of this stand is plotted thrqugh'only
two grewth periods. 'Néte'that 1t is apparent that
emen in this briedf span of life the corralation of
the stand data to'the'sﬂ%é of the stocking lines is
somewhat better on.tﬁe spacing factor graph of Figure
31 than_on the height factor graph of Figure 30.

Again as in the cases of the other stands discussed
above; the stocking of this stand is portrayed by
thégraphs as 1ncreasirig.' The stand r esponse gréph
of Figure 32 brings this fact out in terms of'basal
‘area per acre. -

Ffom ﬁhese graphs of the historiéS'of 1nd1vidual
stands it is noted that there is a‘fair correlation
betweén the stand data and both the height factor aﬁd
spacing factor lines. This is tfue‘e§en,£hough these
stanﬁs were not managed under these met‘hods° " There-
fore, 1t can be assu@éd that stands managed uﬁder these
methods'will‘showleven greater cofrelation and can |
probably be managed so as to fallow very%@losely one
particular sﬁocking line. The-height factor lines and
7spacing factor lines appear to give abbut the same

dégree of correlation with the slope of the plotted
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'stanq,data,'fIh the case of the Scotch pine stand the
- correlation appeafs to be better between the slope of
the ‘height‘factor lines and that of the stand data.
In the case of the Austrian pine stand ahd the two
ponderosa pihe stands the correiation appears to be
somewhat bettef between the spacing factor line slopevb
and the stand data. Therefore, it cannot be said from
this limited data that either method is superior over.
the other in éorrelafing with stand data, These above
facts suggest the possibility that the height factor -
method might be best for managing cergain tree species,
and t he spacing factor method might be best for manag-
ing other particuﬁhr Eree species., This 1s merely a
suggestion,,however, since this limited data with its
inherent faults, described in several placés above; is
definitely not sufficient to draw any such conclusions.
It may wedl be that one of the two methods is sﬁperior
to the other in correlating with the stand data of all
tree specles, although this is not indicated‘heree

The plotting of the data of the Scotch pine stand
brings out one diéadvéntage of the height factor graph,
which the spacing factor graph does not posses$~1n this
- case. The spacing factor graph showed that although
the unthinned Scotch pine phot had a much higher sfocking
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than the thinned plot, the thinned ploﬁ had:a higher
proportion of its stocking in trees of larger diameter
since it posseésed’a larger average tree stem diametef
breast high. The height factor graph did not éheﬁ
this relationship since the average height of the dom-
inant and codominat trees was a ctually higher on the
unthinned plot than on the thinned plot. However, the
appareht advantage: of the spacing factor graph in this
case might possibly be lost if the average diameter of'_
only the domihant and codominant brees were recorded
instead of the average of all trees in the stand, If
 the average diaméter of only the dominant and codominant
trees were recorded on the spacing factor graph the
solid thinning'lines on the graph wouid be verticala s
nd»increase in average diameter of dominant and codom-
inant trees would result directly from the thinning'
treatmenf in the éass of most types of thinning methods,
The a verage basal area peﬁ acre'ié a good réfledtion
of volume. Since the spacing factor ié merely an ex= |
pﬁession of basal area per acre in different terms, the
_sPacihg factor also is a good fefiection.of volume.,
Therefore, t he s tand response g raph is unnecessary iwhen
managing a stand by the spacing factor mehhod, because

the information it portrays is already given in the
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spacing factor graph. In the case of the height faen
tof method, the stand r esponse graph does sevse a val=
‘uable purpose, because the height factor graph does

not give as good a reflection of volume as either basal

area per acfe or the spacing factor.

CORRELATION OF SPACING FACTOR LINES AND HEIGHT FACTOR

LINES WITH DATA FROM YIELD TABLES FOR UNIFORMLY STOCKED,

EVEN=AGED STANDS

It was stated above, while discussing the validity
of the height factor equation, that good, existing yield
tables can be used to give support to the height factor
theory. A good yield table was plotted on t he height
factor graph in Figure 9 to demonstrate this fadte'
This same yiedd table plotted on a spacing factor graph
provides a good comparison'betweent;he two methods of
s+and manaaement by illustrating how well the slopes
of the two types of stocking lines correlate with.the
slope of the line of the yield table data. For this
type of comparisontaetweenthe height factor method'
and the spacing factor method other yield tables for
uniformly stocked,'even»aged stands kwn be used alsoe.

Since yield tables are the avefages of menybstands
at differemt ages with differant average heighte and

average diameterg, they probably are not as good a
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means of comparingﬂthe corre}ation of stand data to
the slope of the stocking lines of the height factor
and spacing factor graphs as wbuld‘be.the historieév
 of well managed,>ibdividua1 stands that have been
kept within good stocking limits. The curving of
the data from many stands in the cOnstructionlbf a
yield table mightvpossibly'cast a blas into the yleld
table and result in a reflection of this biés when
plotting the yield table data on height factor and
spacing factor graphs. Névertheless, with this pos-
'sible fault kept in‘mine, it is $till possible to
make a comparison between the two methods of managef
»mént by ploﬁting the data from a‘yield table on both
types of graphs and nétihg hdw well each method cor-
relates with the yield table data, |

Yield tables for managéd stands will, ofcourse,
plot with higher correlation on these g raphs than w'illv
normal yield tables since normél yield tables‘are com=
'_piled from data faken from natural, unmanaged stands
that were considered as fully-stocked under eome chosen
criteria. Managed stands, which the forest manager
thins at intervals to maintain a high gfowth rate and-
concentrate as much growth as possible into chosen

crop trees, will depart from thé data given in normal
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”yield tébles more and more as the stands advance through
each successivé thinning,. ‘ _ »

Thus, the best cOrrelafion of stand data with the
graphs of the height factorvlinés and Spacing factor
lines probably willbe found in the data of individual,
well managed stands that mre uniformly stocked and even-
agéd_stands. Correlation will probably be guite good
in the data of yleld tables of managed stahds that are
uniformly stocked and even-aged. Correlation will
usually'be poorer than the two cases abowe in the piot-
ting of data from normal yieldrtabless |

A yield table for managed pine and spruce stands
in central Sweden is plotted on the height factbr graph
of Figure 9 (on page 85) and on fhe'spacing factor |
graph of Fig@re 33. The data used in plotting these
graphé is shown in Table 7 of theappendix.‘_This yield
table states that Danish type thinnings were applied
to the stands from which this data was,compiled;‘ Infor=
mation within the yield table indicates that the thin-
nihgs were not done just at ﬁen_year intervals but during
the years spanning each interval as Welle;-However, in
the height factor graph of Figure 9 and the:spaéing
factor'graph of Figure 33, the data is plotted as though

all trees reméved during ééchten year period were
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removed at one time at the beginning of each period
since there is no detgiled data in the yield table
as to how many trees were removed each time the stands
wefe visited for the purpose of a thinning treatmehﬁ;'
The comparison of the correlation between the
'slope of the stocking lines of each of these graphs}~
with the slmpé of the yield table data‘offers an inter-
esting contrast. The heighﬁ factor lines on the graph
dn page 85 correlate very closely with the yleld table
data., A height factor of about 21.5% or 22.0% appears
to be the corredt upper limit of stocking. The data
follows this stocking very closely until after a height
of 63 feet 1is reached. FoGo Wilson attempts to explain
this apparent drop in stocking when that height of stand
is reached by calling it the period of éccretion cut=
tings., ‘The yield table data plots in just as eonstanﬁ
a slope on the spacing‘féctbr graph of Figure 33 as it
does on the height factor graph of Figure 9, However,
this constant slope of the yieldtable data on the spac-
.ing factor graph does not clbselyszpproxhante the slope
of the spacing facodr lines, while on the heighﬁ factor
graph the slope of the yield table d ata corresponds |
very closely with thht of the height factor lines, On

the spacing f actor graph the slope of the yield table
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data is not as steep as the slope of the spacing factor
lines. Thﬁs, in terms of the spacing factor the yield
table data indicates a steady increase in stocking, while
interms of the height factor the yleld table data indi-
cates nearly a constant stocking maintained through
all the age classes, Since this is a yield table for
managed stands in which the stands were probably not
‘allowed to become overcrowded and'stagnated 1n;gfowth,
the height‘factor‘method appears to be the bétter eri-
terion on which to base stand stocking in this case,
However, the.épadihg'faCtor graph does plot the yield
table data along a constant slope. Note that»the ap-
parent period of accretion cutiings portrayed on the
height factor graph is not reflected on the spacing
factor graph.' The aWwerage basal area per acre increases
in each succBeding age class of the yield table through-
out all thé age classes., Therefore, there 1is no con=
clusive evidence that the stand t reatments during the
last three age periods inthe yield table are aecfetion
cuttings, but the height factor graph does pvrtray
‘them as such., In terms of the height factor they are
aceretion cuttings.

The stand data of two sites of a normal yield

table for eastern white pine, Pinus strobus, §n Mass-

aehusetts is plotted on the height factor graph of
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Figure 34 and on the spacing facdkor graph of Figure
35 (19)

In the discussion of the height factor equation
earlier in the thesis,.it was stated that according
to the equation, site should have no effect on "f",
chever, the height factor gréph~of this yield table
,in:Figure 34 does not appear to bear out this hypo-
thesis appreciably. There is a consistent difference
in stocking between the two sites on the g raph of
between one and ttwo percent incheight factor vaiueo
In the case of tk@us;mcing factor graph of Figure 35,
2 similar hypothesis that site should have no effect
on "S F" of the.spacing factor equation would be sub-
stantiated by thegraph as the stand dafa»of the twov
s1tes pldt very close together. It is intercsting to
note that on the height factor graph the stand data
of Site II plots at a consistently lower stockihg than
that of Site I throughout the data;'thc atand dats off
Site II on the spacing factor graph plots close to bht_
aflittle'belowvthc data of Site I in the early part

fﬂ%Reed P.M. and Tarbcx, E.E., "Table IV.Yield Table
for White Pine"™, Harvard Forest Bulletin No.7,
Harvard Forest, Petersham, Massl, 1924,p.17.
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b‘of the sﬁand-history, and in the latter part of the
stand history plots close to but is actually a little
above that of Site I in stocking.

| The data from this normal yiei&itable for eastern
white pine plots much closer to a straight line on
the spacing fadbor graph than on the height factor
graph. The data plots in a slight curve on the height
factor graph and thhs does not‘have as COqstant a
slope as does the data plotted on the spacing factor
graph. However, in the older age classes of the yield
'tabie, the data plots oé a slope SOmewhat closed to
the parallel height factor lines than does the slope
- of the daté on the spacing facbbr graph in relation
to the slope of the spacing facbér lines. On the
spacing factér graph the yield tablé tﬁble data is
portrayed as steadily increasing insbtocking through=
out all age classese’

Thevstand data of a poor site and a good éite

from normal yield tables of second=-growth, eastern

white pine, Pinus strobus, in Wisconsin is plotted on

the height factor graph of Figrue 36 and on the Spac-
ing factor graph of Figure 37, (20)

20. Brown, R.M. and Gevorkiantz, SoRe, Volume, Yield,
and Stand Tables for Tree §§§cies in the lake
States, Technical Bulletin 39, Universiiy of
Minnesota Agricultural Experiment Station, St.
Paul, Minnesota, 1934, p.203 and 205,
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Correlation between thq slope of the plotted
table data with the slope of the stockiﬁg lines on
both the height factor graph and the spacing factor
graph is very close and 1s better than the correlation
of the yield table for the same tree specigs»in Massé
achusettes in Figures 34 and 35, Figure 36, the height
factor graph, again shows the yleld table data with
a slight curve in it as was shown in Figure 34 for
,Massachuéetts, The spacing factor graph portrays the
yield table data as being very nearly a straight line.
The poor site is portrayed as of cohsistently less
stocking than that of the good site. The poor sité
doés not cross the plotted line of the good site, and
does not show a higher stocking at’any point in}the
spacing féctor graph of Figure 37, while the two sites
of the Massachusetts yield table did cﬂbss»in the ép&c»
ing factor graph 6f Figure 35, Figures 36 and 37 supportv
the chaeracteristic portrayed in Figﬁre 34 that one qualify
site should plot consistently above or below a site of
another quality. Note also that the good and poor siteg
of the Wisconsin (and applying to the ILake States) are
portrayed by both the height factor gfaph and spacing
factor graph as being of higher stocking fhan that shown
in both the types of graphs in Figures 34 and 35 for









the Massachusetts yield table. 4&s discusséd earlier,
Wilson stated that the apparent conclusions to be
drgwn from the height factor equatibn theory are that
site has ﬁo.effect‘on wew butvthe‘con81stent plottimg
of one site at a higher stocking level than another
tends'to dispute this theoryg | - ’

Agaih;'in Figures 35 and 36 it canbe noted that |
the data plots along a slope less steep thanlthat of
the stbéking lines. However, this,differenée in slope
is very small on these two graphs. |

As discussed garlier, Wilson states that white
pine could be kept at a stoéking:between height factors
' one—fifth and onensixth.for proper stand étockings'
Both height factor grapks of Figures 34 and 36 of white
pine yield table data for,WiséonSiSn and Massachusetts
show a higher stockiﬁg thanAthis in‘all but the early
age classes and for both good and poor sites. |

‘The data for fully-stocked, pure, evenuaged‘jack

pine, Pinus banksiana, stands on good and poor sites
from a normal yield table is plotted on the height

factor graph of Figure 38 and the spacing factor gréph
of Figure 39, (21) '

21, Ibid., p. 193,
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After the first age class, the jack pine yield
table data plots in a stréight line for both good and
poor‘sites on both the height factor andFSpacing factor
" graphs. Correlation of the slope of the ﬁlotted yield-
table data with the slope of the stocking lines is
bétter 6n thé spacing faétor{;raph than bb the height
factor graph and is, 1n. fact, almost perfect on the
spaciﬁg factor.graphgv The spacing factor graph of
Figure &9bportrays just'a very small increase in stock=
ing for the yield table data after the first age class,
Note that_bn the height factor gréph the slope of the
yield table data 1sasteeper than that of}the stbcking .
lines after the firstage class, ‘Acoording to the height
factor graph, the stocking of the yidld table data grad-
ually decreases afger the first age class, !

' As mentioned earlier while describing the height
factor method of management, Wilson stated 1h his article
‘in the October, 1946, issue of the Journal of Forestry
that jack pine could be kept at a height factor stock=
ing of between one»fourtnf.and one=fifth. The yield
table data for jack pine'plottéd on the height fadtor
graph of Figure 38 is shown as being of higher sﬁockingo
Hdwever, Figure 38 indicates the possibility thatbthe“

stand data for the earlier age classes was at too high
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a stoecking because the stocking of subsequent,age
classes steadlly decreases. | |

| The data for fully-stocked, even-aged, normal

stahds of longleaf éine, Pinus palustris, for site

index Soband site index 100 is plotted on the height.

factor'graph of Figure 40 and the spacing factor graph

of Figure 4l. (22) Table 8 of the a ppendix shows the

stand data from Whichfhese two.‘g raphs were consbtructed..v"
Note that the correlation of the slope of the

height factor lines with t he siope of the plotted data

in Figure 40 is very good for the middle age classes

of both:site indices., Between the first and second

age classes on this graph the stocking increases, and

then fqr the last two age clgsses the stocking decregsess
Thevslope of the spacing factor lines shows good

correlation with that of the stand data in Figure 41,

The data plots in more of a straight line on the spac-

ing factor graph than on the height faétor graph, and

the two site indicesa re much closer 1n,s£ock1ng on

the spacing factor graph than on thé height factor

graph, As does the height factor graph, the spaéing factor

22, Wahlenberg, W.G., Longleaf Pine Charles
Iathrop Pack Fore?f??’Fﬁﬁnﬁ’ron publishers,
Washington, D.C,, First Editlon, 1946, pp,290-295¢
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graph éhows an increase in stocking between the
first two age classes; however unlike the height
factor graph, the spacing factor graph shows no
decrease in stocking in the.tWO oldest age classes.
The slope of the plotted stand data on the spacing
factor graph is not as steep as that of the stocking -
lines, and thersfbrs,'bhe graph shows a gradual.in— -
creéée in stockiné fof each older age class. On the
height factor gréph this relationship 1s not indicateds
The plottihg of this stand data on the spacing
factor graph of Figure 41 is unique from the spacing'
- factor graphing‘of stand data from all the other
yield tables and individuals tands shown here in
that the plotted average stand diameters are the av-
erafe diameters of dominant and'codominant trees alone
and nqt that ofall trees inthe stand.  The‘slope of
. this stand data was still sbout as clése to that of
the spacing factor lines as thatt of the data of the
other stands. |
It has been noted that the correlation between
the slope of the stocking lines of the graph and the
- slope of the stand data of both yield tables for mane

aged stands and for unmanaged, "normal®™ stand is good

on both the height factor graphs and‘thevspacing factor
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graphs. The stand data of these yield tables appear
to plot consistently in more of a straight line of
donstant-slope on the spacing factor graﬁhs than on
the height factor graphs. The yleld table data is
portﬁayed usually és gradually ihcreasingvin stocking
on botht he height:factOr'graphs and the Spacing fac-
tor gréphse The height factor gfaph shown'here for
Jack pine yigld table is an exception to this,a nd
also the height factor graph of the longleaf piﬁe
daté can the consideredas an exedptlon; The spading
factor gfaph nearly always portrays the datafrom |
‘these yield tableé as gradually increasihg instocking
aw was similarly shown in thé case of data from indi-
vidual stands. It must be remembered>that there are
vpossible ﬂaults,a.s described abbve,bin the plotting
of yield table data, particularly those for unmanaged
stands ob these graphs. |
The appareht 1ncreaSe in stocking shown 1in the
-_-early age classes of the’sténd data on the spacing
factor graphs can be explained by the fact that during
that earlys tage in the stand, while the stocking is
increasing, the tree stems are not‘yét developed
‘sufficiently, and the crowﬁ stem ratio of full stock-

ing has not yet been reached. It may also be that
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the stands had not yevt attained full ¢ rown cover and
were understocked until the time that the stand data
begins té6 plot on a constant slope. The importanqe
of the‘dévelopment of the tree stems in the stand be- 
fore the ¢ rown-stem ratio can be relied upon was

steessed on page 13, : 3
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ANOTHER POSSIBLE THEORY FOR NUMERICALLY EXPRESSING
THE STAND STOCKING OF UNIFORMLY STOCKED,
' EVEN-AGED STANDS

In the plotting of the stand data of both yileld
tables and individusal stands‘on spacing factor gfaphs;
it was noted above that the slope of the stand data
was almost always not as steep as that of the spacing
factor liﬁesg Because of the weaknesses in plbtting
yield téble data gathered and averaged from many stands
of different ages, and in plotting the individual stand
~data of étands not managed by this method on spafing
factor graphs, it cannot be concluded that the slope
of the spécing factor lines is too steep. 'In fact, -
écnsidering all these faults, the cérrelation‘of the
~data to the spacing factor lines 18 close., However,
it is poésible = and the abOvexgraphs do not reject
it - that there should bevspmé gradual increase allowed
in the basal area per acre:of the s tand dﬁringbits life.
' This would mean a gradual decreése in thé spacing fac- |

tor value,
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This slope of the s tand data @n the spacing factor graph
might possibly differbetween specles and might even

be steeper thén the spacing factor lines fqr somevspécies
afteér definite tree stem dévelopment has been established
in the s tand. | ,

The authorlthought of the possibility that perhaps
différsnt stoecking equations woﬁld better £it certain
tree species in management while-interpfeting thé char-
acteristics of the plotted stand data on the graphs
of the individual stands and the yieid tables shown
above; These graphs show that this theory has a pos-
8ibility of‘significance; at leasttlgey do not disprove it.

It may weli be that uniformly_stocked, e ven-aged
stands can be managed best by either the héight factor
method or the Spacing fadtor method or just as welif
by both., However, if it is found through experimenta=
tion later that cersain species should be managed so |
aS’tof{ollow their own particular sldpes on spacing
factor graphs, then these slopeé can be found for eaéh
sPecies and the stocking equations can be computed by
the following Braphical me thod devélopedheree Stands
of the same Speciés,but On‘different sites appear on
the above graphs to piot along'the same slope but at
slightly different sfocking levels; therefore it is a
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possibility that the same sIOpé will apply to all
'uniformly stocked, even-aged stands of a given specles,
while some species have different slopes and, conse -
guently, different stocking equations than others.

Suppose that the yleld table for managed pine and
spruce stands on avéfage quality sit& in central Sweden’v
shown in Table 7, of the éppendig was accepted as the
correct stocking amounts to bd maintdined during the
1ifévof a similar managed stand in like donditions,
Ehis yield table data can then be‘plotted on a graph
similar to the spacing factor graph except that the
spacing factor lines are omitteds This is done on the
graph of Figure 42, It canbe seen in Figure 33,0n
page 147, that the slope of this yield table data 1is
not the same a s that of the spacing factor lines.

The equation of stocking for this yield table
and the equation of the slope of its déta éan be coms

puted graphically from Figure 42 as follows: .

let d = the average diameter breast high of
- the stand _ '
let n =

the average number of trees per acre
From the graph, where |

4 = 2, n = 2,330
d = 10, n = 217
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The logarithmic equation of a straight line on this
1ogarithmic graph is

log n = alogd + log k

Using the logarithms of these values, the simultaneous
observation ~equations become

5;36756

0,30103 a + 1og k
2.33646

1,00000 a 4 log k

Subt®acting to eliminate log k gives
-0969897 a
°1 47490 or =1.475

1.03090

a

Solving for log k gives
2.,33646

=1,47490 ¢ log k&
log k¥ = 3.8Bl136

Thefefore, the equation of the line is
logn = =1.475 log d + 3.81136

and the antilog of this equation is
6,477
gle475

n =

The equation of the slope of this line in logarithmic
form is

1,475 logd = <=logn

and the antilog is-
d1’475

1
"
-Thus, the stocking equation can be computed for

any species, and this equation canbe employed through
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the use of logarithms in mathematically predicting
the future management of the stand. The slope equa-
tibn will be the same for all sites for a glven specles.,

OfcoufSe, this procedure is only correct'if the
theory itself is vali&. The data gathered for thils
thesis indicates this possibility, but the data is
fromstand data of individual stands and of yield
tables, and bdth of these groups contained ho data
from stands managed by either the height factor mekhod
6r.the spacing factor method. FIf this data had in-
cluded some stands managed successfully by either the
height factor or spacing factor method, and had the
data of these stands shown that such a maintained 
degree of stocking was desirable, then this ﬁheory
would have no foundation. This method of computing
equations of stocking is presented in the possibility
~ that this thsory of different stockling équations for
certain tree speciles niight have some valiﬁity proven
in the future, and consequently some method of deter-
mining stocking at different stages in the development
of a stand would be needed.

It can be seen that in this partieulaf case in
Figure 33, the slope of this stocking iine is not as

steep as that of the spacing factor lines. Therefore,
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according to the spacing factor theory this data shows
a constant'incfeése 1ns tocking and should be"over=
crowded® during at least part of its life history.
According to the spacing factor theory that the cromn
stem ratio should remain constant once the trees ac-
“quire sufficient stem development, this particular line
of data wili-lead to unnecessary interloeking of crowns
in the stand and a stagnation of growth. This is asssum-
ing that the constant crown-stem relationship 1s correct.
| The height factor graphs alsb portrayed many stock-
ing 1in§s of stand data at'constént slopew that were
,different than the slope of the height factor lines.
In the same manner as devéloped above; individuval stock-
‘ing equations in terms of average height and number
of trees per acre can be computed for different stand
data and applied to certain Speciea, if 1t is shown
that this theory is worth éxperimentation. |
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SPECIFIC CONCLUSIONS FROM THE COMPARISON OF
THE HEIGHT FACTOR AND SPACING FACTOR METHODS

REIATIVE VALIDITY OF THE SPACING FACTOR AND HEIGHT
FACTOR THEORIES '

The spacing factor and helghtﬂfactor graphs of
the data gathered for this thesls show that both
. methods correlate with existing stand daté surpris=-
ingly well in kany cases, indicating that they should
correléte exdellently wiﬁh the data of standémmanaged
by.these methods. With proper factors taken into
accoﬁnt, both methods may enable the reqlization‘of
close to the maximum possible‘ﬁconomic retura from
a timber stand. _

Both theories are of recent origin with>the spac=
ing factor theory undergoing the greatest amount of
development and application until now. |

~ 0f the two theories, the sﬁaéing factor method
is perhaps the most widely known anda ccepted for it
embodies the-thsory of maintaining a éonstant basal
area per acre within the stand, a nd foresters have
beenmére and more interested in this method of m@nage-

ment. Some experimental plots of uniformly stocked,
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evén»aged stands have been thinned ﬁo a conStant basal
area per acre for.quite-a number of yeérs to study the
merits of maintaining a constant basal_afea per acre.
The Yale University School of Forestry has been con-
duéting experiments vathis type on white pine plotse
However, the height factor mefhod'kf expressing stand
sﬁocking, even though more rgcent; is already receiving
attention, and in éome cgses measurements are being
taken in preparation for future emplojment of the
method. (23) The method is bheing a ccepted as having
good posslbiliﬁiesa

THE CONSiSTENCY OF RATE OF GROWTH IN TERMS OF BOTH

HEIGHT AND DIAMETER FOR UNIFORM TIMING AND SEVERITY

OF THINNINGS THROUGHOUT THE LIFE‘OF STANDS

| Bruce and Schumacher'state that diameter growth
is affected by the density-of the stand. The more dense
the stand the less the diameter growth. However, they
also state that height growth beﬂavés‘differently, and
_ﬁhat height growth correlates verj little if any with
density within cértain broad 1im1£3g (24) Height growth

23, Gevorkiantz, S.R. and Scholz, H.F,,Timber Yields
and Possible Returns from the Mixed-Oak Farmwoods
of Southwestern Wisconsin,Publication NO.521,U.S,
Dept. of AgriIculture, Forest Service, Feb, 1948,p.15,

24, Bruce, Donald and Schugacher,F.X.,Forest Mensura-
tion, MeGraw Hill Book Co.,Inc., N.Y.and Tondon,
Second Edition, 1942, p.365,
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wiil_hot accelerate after a cutting, but dlameter
growth will. In fact, growth acceleration after
cutting is often expressed as an increase in periodéc
aiemeter gpowth, (25) |

It ofte:'n occurs that the aﬁerage height of dom-
inant trees on experimental plots which have been
thinned many‘times during theif‘life span 1s no greetu‘
er than that on the unthinned, control experimental
plots. This fact 18 born out by the stand data of
the thihned and unthinned experimenﬁal plots offi the
Saginaw Forest of the University of Michigan presented
in this thesisg Other experimeﬁtal forests show the
same results. (26) _ :

These facts represent an advantage of the height
‘factor method over the spacing factor method. How-
ever, it is possible that in a stand maﬁaged well
under the spacing factor method, the stand density
will be confined to fairiy narrow 1imits, and that
diameter growth will not be allowed to stagnate from

. oVercrowding and then to spurt after a thinning. The

25, Ibid., p.400,

26, Hawley, Ralph C., Observations on Thinning and
Management of Eastern White Pine in Southern

New Hampshire, Bulletin Noo.4 42, YaTle Universit
School of Foreqtry, 1936, peva ) 7
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object of managemént is t6 thin befofe ovarordwdiﬁg
oécurs and to maintain dlameter growth at a‘fairly
constant rate throughout the life of the stand after
?rOper stem.development has been reached. It is pos-
siblevto maint#in almost a constant rate of diaﬁeter
grbwth.over a broad spread off diameter classeéifrom
six inches to thirty inches. (27) |

The spacing factor graphs of 1nd1v1dﬁa1'standé
shown in this thesis all portray an 1ﬂcfease‘in aver-
‘age stand diameter as a direct result of thinning.
This will always occur with "1ow"tﬁinnings, thinningé
which primarily remove the smallér, poorer treeé in
thevstanﬁ. ,ﬁowever, if the spacing factor method
 employed the average diameter of only the”dominaht and
wﬁpdominant trees, as is the case with‘height‘for the
,'ﬁeight‘factor method, the increase in avérage diameter
directly aS'é-result of thinning pfbbably would be
eliminated. | |

MATHEMATICAL APPLICATIONS OF THE TWO METHODS OF
- EXPRESSING DENSITY INlFOREST MANAGEMENT

The height factor and spacing factor are both simple

numerical expressions of stand density, Both

27. Schnur, G, Luther, unpubiished material on
growth studies in Missouri,
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have méthematical eqnations which can easily bevapplied
1n stand managsment. Prior to this; the 'spacing fac=

- tor had bWeen the most advanced in mathematical appli-
cations, but 1t was shown in this thesis that the height
factor expression could be applied to stand management
'in a closely simiiar manner. As far as the particular
field of,forent management is concerned, the'twn me thods

- are about equal.

COMPARATIVE EASE AND ACCURACY OF OBTAINING NECESSARY

STAND MEASUREMENTS FOR APPLICATION OF THE TWO METHODS

The aneragé spacing 1nAfeet between tree stems'
in the stand must ne obtained when uslng either method.
This is necessary in order to use this figure both with '
the average height of the dominaht and codominant trees
of the stand to obtain the height factor and with the
average stand diameter breast high to obtain the spac-
ing factor.

Obtaining the average heighf of the dominant and
codominant trees in the stand for use in the height
factor is a slower a nd more difficultvprocdss than
obtaining an average diameter breast high for use in
the spacing factor. The timbef'cruisen‘and thé cone

sulting forester can make direct measurements of stem
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~ diameters at breast height, for this is within easy

| reach of-thé man. Measuring thé heights of trees.is

a more difficult problem. The tqp,of tﬁe‘treevmay be
at quite a distance from the man. If’thecrOWn of a
tree is very rounded 1t is difficult té estimate where
the highest point ¢f the grown is located.

" In measuring diameters under favorable circum-
stances it is possible to measure accuratély to the
nearsst tenth of an inch by means of a rule, caliper,
or tape, but in‘many'cases diameters will be rounded
off to the nearest inch. (28) Height measurements,
however, even when made with insfrumenté.accurate to
the nearest foot, are handicapped by the fact that the
base of'the tree is a poorly defihed targét and that
an iméerceptible lean will cause an appreciable_errbr
of from three to five feet or éven more., (29) Purély
voculaf estimates of ﬁotal height cannot be attempted'
witb.an|accuracy’cl§ser than by ten foot-intervals or
- perhaps, with very short trees, by five foot inters
vals. (30) It is important to distribute height

28. Bruce, Donald and Schugacher, F. X., op.cit.,p.ll.
29, Ibid. , p.24.
30, Ibid., p.24.
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.measurmments evenly over anarea, fof there exists a.
human téndency to measure trees on level ground or
lower slopes, resulting in a serious blus error. (31)

‘ Recently theré has been a rapid advancement in
the use of aerial photographglin timbér.cruiéing, (32)
It is possible to'measufe tree heights on a erial photo-
graphs and unéer favorable-conditions to count the
number of trees in a given area. iThié mounting imporé
tance of aerial photographs in ﬁeasuring timber stands
may increase thé value of the height factor theory,
Many factofs affect the accuracy of tree height measure-
ment on aefial photographsy but it is pdssible with |
a Harvard parallax wedge to measure tree heights on
good.photographs of a écale of 1:6,000 with an average -
error of three feet; about six feet at 1:12,000; and
nine feet at 1:18,000. (33)

It is possible also to arrive at the dlameter

breast high of a tree by measurements on aerial photo=

‘graphs by use of the formulas (34)

31, Chapman, Herman H. and Demeritt, Dwight B., Elements

of Forest Mensuration, J.B. Lyon Company, Publishers,

Albany, New York, SeconB Edition, 1936, p. 102.

‘52a'=-=-,"0ruising and Mapping by Planéback™,The Timber-
- . man, Portlang,Oregon, Vol.XLIX,No.l0,Aug.,1948,pp.55=57,

33, Spurr,Stephen H., ferial Photographs in Forestry,
The Ronald Press Company, New York, 1948, p.235.

34, Nash,A.J.,Some Volume Tables fop Use in Air Survey
reprint from the Forestry Chronicle,Canada, VoOL.XX

3
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= =
where  d = diameter breast high
= tree crown diameter |
E = a coefficient which much be established

for the tree species concerned
However, this is an indirect- method for obtaining the stem
diameter a nd the tree height must be measured in the pro-
'1céss; therefore the height factor hhs'the advantage in
this type'of applicationAsihce it is easier ﬁo obtain
and can be meésured directlyf rom the photogrgphso Also,
except under the most faworable conditions, 1t is 4iffé-.
cult to identify tree species on aerial photographs in '

order to apply the proper value for “E",

THE EASE OF FINDING REQUIRED DATA AND THE QUANTITY OF

EXISTING REQUIRED DATA FOR THE APPLICATION OF EACH METHOD

In gathering the stand data from the records of
the stands in thé Saginaw Forest of the University of
Michigan for use in'this thesis, it was found that proper
height'data necessary f or theapplication of the height
factor method wés of ten lacking.' The tablés of this
Saginaw Forest data presented inthe appendix 1ndi§ate
this frequent lack of height data. On the other hand,
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very adequate data on average stand diameters was almos?t
always present. o

Wilson, Himself,‘admitsAthat "forestry literature
is replete with references to the close Qorrelatibn
between average stand diametereand total number of trees
or basal area". (35) Besides extensive studies of this
correlation, Stand measurementsbin the past nearly
always included the proper stand dlameter measurements
while often lacking éroper height data. Therefore,
it.is”more difficult néw to apply the height factor
theoryAto this exisﬁing stand data than it is to apply

the spacing factor theory.

APDLICATION OF THE TWO METWODS IN "ON THE SPOT®

MANAGEMENT DECISIONS IN THE FIEID

Both the height factor andSpacing factor, as.
simple numerical expressions of stocking,«:anbe applied
quickly by the consulting forester who has onli a limited
‘tiﬁe in the field to draw up tentative managément plans
for particular stands to be put under management. Their
mathematicallappiications, as brought out earlisr, are

very similar and about equally devéloped; The spacing

35, Wilson, FQG..’ Opl Citn, Pe 758,
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factor does have possible applieatioﬁ in mensuration
as described above while discussing that theory. There
has been no such application for the height féctorAas
yot. ’ -

Though their mathematical applicafions are about
thé same, 1t is,.however, easier to make diameter
measurements than height measurements. It is also
mucﬁ easier to obtain the required data on diameter
growth within a particular stand thanvit is to obtain
height growth. The spacing factor method has the

obvious advantage inthis particular case.

. THE PORTRAYAL OF VOLUME, STAND SIZE, AND TIMBER QUALITY

IN EACH NUMERICAL METHOD OF EXPRESSING STOGKING

B In comparing the correlafion of the height factor
and spacing factor theories with the stand data of
individual Sténds earlier in this thesis, it was noted
that a “stand r esponse™ graph was valuable when used
in conjunction with the height factor method but was
unnecessary when WOrking with the spacing factor. The
spacing factor portrays basalarea in an exact mathema-
tical relationship and also eﬁbodies theaverage‘stand
diameter in its definition; therefore the "stand reSpbhse?

~ graph, 1nvolving Just these two measurements, merely
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presents in another way what 1s already showh on the
spacing factor graph.

Since basal areé is a good reflection of timber
volume, the spacing factor, which has an exact mathe-
matical relationship with the besala rea as expiained
above, is also a good refledtion of volume, When only
- the spacing factbr i1s given for a stand, a quick refer-
ence to Table I or Figure 3 in this thesis will produce
the corréspondingbbasal.area value. The height factor
- gives nc such portrayal 6f voiumeo |

Average s tand diameter, required in the spacing
factor method, gives the foresterAa picture of the
Saw timber size oflthe stand and is often employed
as a measurement of sﬁand merchantability. }Lu@ber
quality dlso ié strongly and directly correlated with
diameter. A forester has a clearer picture of a
staﬁd's merchangébility, for example, if he knows the
average stand diameter is 14 inches d.b.h. rather
than that the stand's avefage height is 60 feey. Thus
the spacing factor is more of an atid ﬁhan the height
factor in this particudhr application;
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GENERAL CONCLUSION

Both the height féctor and the spacing factor
answer the need for a numerical expression of stoéking
for unlforﬁly stocked, even=-aged standse.

It was found that ﬁhe two methods of expressing
stocking are quite similar in their mathematical ap-
plications, |

Because of the current lack of vital data for
the a pplication of the height factor method ,because
of the greater ease 1n.gather1ng the necessary data
fbr application of the spacing factor method, and
because the spacing factor gives a much bettér por=
trayal of stand volume and merchantabllity, it appears
that the spacing factor haé thea.dvantage over the
height factor at present.

Both methods can serve és>ggide§ in the intelli=-
gent construction of forest management phlans for tim-
ber stands. Much researchAon expefimental plots with
controlled thinnings is neéded to détermine the full
value of these two theories, but it is already appabent
that they will be of definite aid to~the forést manager.
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TABLE io-HISTORY OF PINUS STROBUS STAND OF LOT 2b,

BLOCK 1, SAGINAW FOREST, ANN ARBOR, MICHIGAN.

Lot planted in 1904 with 2-year seedlings.
- Lot 2b contains 0,54 acre.

Year 1Average Before Number  Average Basal

Height of of of D.B.H. Area
Dominants After Trees of per
and Codom- Thin- per Stand Acre
inants ning Acre ,
Feet o Inches Squars
' Feet

Thinned Plot

1916 18,8 before 4,530 2,0 105,15

‘ . ~after 3,936 2,0 95,066

1920 24,0% before = 3,407 2,75 142,628

~ after = 2,020 3.2 111,057

1925 - 32,4 before 2,020 3495 173,199

» after 1,263 4.4 136,61

1930 - 40.2 before = 1,260 5ol 178,836

_ . . after 1,121 5.3 170,150

1935 44,03 before 1,078 5.9 205,712

: - after ' 947 6.1 192,203

1940 48,5% Before . 938 6.4 209,385
' after 788 6.6 185,933

1945 59,8 ~ before 769 7.3 224,442

. after 583 77 187,301

Unthinned, Control Plot

1918 17,03 3,904 2.1 - 90,888
1920 23,03 3,376 2,7 138.3

1925 30,0% : : 2,552 3.55 178.005

1930 38,3 1,877 4.4 195,603

1935 42 ,0% 1,492 5,0 208,095

1940 47,03 - 1,248 565 205,285

1945 56.,0% = . 1,047 - 6.1 215,344

, # Estimated values because average heights of dominant
and codominant trees were not recorded for these periods.
However, five of these periods do have the range of heights.
and average height of all trees in the stand recorded.
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TABIE 2.-HISTORY OF PINUS STROBUS STAND OF LOT Z2¢,

BLOCK 1, SAGINAW FOREST, ANN ARBOR, MICHIGAN.

Lot planted in 1904 with 2-year seddlings.
Lot 2c¢ contains 0,57 acres.

Year Average Before Number  Average Basal
Height of 'or of D.B.Hs - Area
Dominants After Trees of per
and Codom- Thin- per Stand = Acre
inants ning Acre .

o Square
Feet Inches Feet

Thinned Plot

1916 18,03 2,108 2.6 76.024
1921 24,0 Before 1,952 3.3 117,405
, ) After 1,430 3.3 104,84
1925 34,0% ° Before 1,379 4,5 153,462
‘ ' Af ter 1,020 4.5 130,693

1930 40,8 Before 1,020 5.6 177,122
~ - After 938 5.8 169,372
1935 = 45.0% Before 929 6.4 208,750
: After 840 6.7 199,613
1940 49,05 Before - 830 6.9 214,019
Af ter 664 763 189,278
1945 58.6 Before 660 8,0 228,688
After 561 Be3 210.325

Unthinned, Control Plot

1916 18, 0% - 2,108 2.6 76,024
1921  25,0# 1,024 3.4 120,302
1925 = 32.0% ‘ 1,517 4.4 162,314
1930 42,4 1,151 5.4 181,354
1935 46,53 913 . 6.2 193,005
1940 50,54 802 6.7 199,226
7.6 217.308

1945 - 59,0% ‘ 691

# Estimated values because average heights of dominant
~and codominant trees were not recorded for these periods.
However, seven of these periods do have recorded the
range of heights and average height of all trees in the
stand, ' : '






TABLE‘33~HISTORY OF PINUS AUSTRIACA STAND OF LOT 2a,

BLOCK 1, SAGINAW FOREST, ANN ARBOR, MICHIGAN.

Lot planted in 1904 with 2-year seedlings.
Lot 2a contains 0.127 acre.

Year - Average Before Number  Average Basal
Height of or of D.B.H, Area
All Trees After . Trees of per
in the Thin= per Stand Acre
Stand ning . Acre .
o ' Square
Feet Inches  Feet
1915 - 15,0 2,600 . 2.3 75.4
1917 - 18,3 : 2,410 2.9 104,9
1919 20,8 Before 2,284 302 128.5
‘ After 1,299 B 99,45
- 1924 2869 Before 1,267 4,2 126,73
’ After 913 4.6 106.9%
1929 37.8 Before 906 5.3 138,33
' After 709 566 120.88
1934 45.2 Before 701 6.0 136,409
, After 575 6.2 122,181
1939 53,6 Before 567 6.8 144,393
. After 520 6.8 137.4
1944 61,0  Before 520 77 167.6
R 8.3 141,0

Af ter 378

Average heighf‘of‘dominant and codominant- trees
was not recorded at any period for this stand; there-
fore average height of all trees had to be used. For

194 4 no height at all was recorded so 61 feet height
"was estimated, ,

This stand has a very small number of white pine
mixed in. The white pine is not included in the above
data. Actual total basal area per acre on the ground
_1s greater than the above da#a indicates.
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TABIE 4,-HISTORY OF PINUS PONDEROSA OF LOT 1, BLOCK 5,

SAGINAW FOREST, ANN ARBOR, MICHIGAN.,

Lotvélanted in 1909 with 2-year seedlings.
Lot 1 contains 1.07 acrese. .

Year Average Before Number  Average Basal
: Height or of D.B.H. Area
of domi-  After Trees of per
nant and Thin= per Stand Acre
Codomi = ning Acre S
‘nant Trees :
‘ : - Square
Feet Inches Feet
1920 12 % o 1206
- 1925 20 # : 1192 3.7 - 90,15
1930 26,5 # 1179 4.6 136,215
1935 32,5 % Before 965 5.4 154,953
' After 799 5.8 144,907
19040 41,0 # Before 789 6.2 - 163,067
' After 713 6.3 153,154
1945 47,0 Before 1713 7.0 190,95
7.2

After 626 179,52

# Average heights of dominant and codominant trees
were not recorded for these peridds. However, aver=
age height of all trees in the stand and the ranges
of heights among standing, live trees were recorded
for all these periods,and dominant and codomimaht
heights were emtimated from this information.






TABIE 5,-HISTORY OF PINUS SYLVESTRIS STAND OF LOT 1,

BLOCK 1, SAGINAW FOREST, ANN ARBOR, MICHIGAN.

Zof planted in 1804 with 2=yoar seedlings.
' Lot 1 contains 0.24 acre,

Year Average Before Number  Average Basal
Height or of D.B.H, Area
of Démi-  After Trees of . per
nant and- Thin= per Stand Acre
Codomi=- ning Acre v
nant Trees

' - Sgquare
Feet C Inches Feet
Thinned Plot ‘
1916 23,0 Before 2444 2,5 83.59
- After 19044 2.6 70,55
1920 30,03 Before 1708 3.3 101.3
_ After 1001 4,0 85,481
1925 40, 0% ‘Before 944 4.8 116,68
After 555 565 90,472
1930 50,0% Before 555 . 6.3 - 119,848
After 458 6.7 109,597

1935 56.5% Before 458 Tod 137,194

, After . 430 Te7 129,083

1940 62,1 Before 430 862 157,500

) , ' After 374 B.4 - 142,986

1945 655 Before 361 9.3 170,972

' : After 319 9.5 157,60
Unthinned; Control Plot
- 1916 22,54 : 2032 2.9 91,691

1920 28,0 1800 366 127,13

1925 37 o 03¢ ‘ 1435 4,5 159,818

1930 45,0% 1017 - 566 171,581

1935 54,0% : 891 6.4 . 204,185

1940 63,0 745 Te3 216,927

1945 67.3 672 8.2 250,618

# Average heights of dominant and codominant trees
were not recorded for these periods, However, average
height of all trees in the stand and the range of heights
of all trees in the stand were recorded for eight of these
periods and average dominant and codominant heights were
estimated from this data. . o
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TABIE 6,-HISTORY OF PINUS PONDEROSA STAND OF LOT 5,

BLOCK 5, SAGINAW~FOREST ANN ARBOR, MICHIGAN,

Lot planted in 1909 with 2-year seedlingso
Lot 5 contains 4,04 acres.

Year = Average Before Number  Average Basal

- Height or of - D.B.H.  Area
of After Trees. of per
Dominant  Thin- per Stand Acre
and Codom= ning Acre -
inant
Trees ,

o : ‘Square
Feet ’ ‘ Inches Feet

Thinned Plot

1940 38,0 Before 768 544 124,388
After 607 5.8 113,064
1945 - 48,1 Before 560 6.6 131,616
~ After 489 6.8 125,106

Unthinned, Control Plot
1935 = 32,5 738 5.5 122,306
1940 39.5% 696 5.9 133,590

1945 48,0 ‘ 622 - 665 145,475

% Average heights of dominant and codominant trees
were not recorded for these periods. However, aver=
age height of all trees in the stand and the range
of helights of all trees in the stand were recorded
for all these periods and average dominant and codom=
inant heights were estimated from this data.
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TABIE 7,-YIELD TABLE FOR AVERAGE=QUALITY SITE,
PINE AND SPRUCE, CENTRAL SWEDEN *

 Medium to heavy Danish $ppe thinningé
have been applied.

Reproduction method used: clearcutting
with scattered seed trees and sowing in
prepared spots.

Age Average Average Basal Total Number

in height  diameter area number oftrees
years in in per acre of per acre
feet -inches in trees removed

. square per during fore-

feet acre  going 10 years
20 18 1.6 .41 3,030 cevies
30 27 3.0 63 1,275 1,755
40 34 4.4 "6 720 555
50 43 ' 5.6 87 515 205
60 48 6.5 96 420 95
70 53 7.3 101 348 72
- 80 87 - 8.2 - 1o7 291 _ 57
90 60 9.0 110 251 40
100 63 9.7 112 219 32
110 65 10.5 114 190 29

120 66 11.2 116 170 20

3 Taten from The Fractice of Silvicultufe.by
R,C. Hawley, p. 192,
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. TABIE 8,=-STAND TABLES FOR SECOND-GROWTH LONGLEAF PINE
IN FULLY-STOCKED, NORMAL STANDS #

Age in Number of Basal Area = Average Avérage
Years Trees per  per Acre in Diameter Height of

Acre - Square Feet of Domi-~ Domingnt
’ nant Trees in
Trees in Feet

Inches

SITE INDEX 50

20 1410 64 3.9 26
30 900 78 5.4 37
- 40 625 88 6.4 45
50 505 95 7.3 50
80 430 100 8,0 55
"0 375 104 8.7 58
80 335 106 9,2 61
90 300 108 9.7 63  *
100 275 109 10.2 65
 SITE INDEX 100
20 790 114 6.5 52
30 500 . 140 8.6 74
40 . 355 158 10.4 89
50 285 170 - 11.8 100
60 240 179 12,9 109
70 205 185 13,9 117
80 185 189 14,7 123
90 165 192 15,4 127

100 155 194 ~ 16.0 129

% Wahlenberg, W,G., Longleaf Pine, Charles
Lathrop Pack Forestry Foundation, publishers,
Washington, D.C,, First Edition, 1946,

PP. 290=295, ‘
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