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Abstract

A ptocedure for obtaining a single volume-age lunction for varying site and stand conditions and
species is presented. This composite function involves the fittins of the Gompertz model and itsspecies is presented. This composite funcrion iovolves the firting of $e Gompertz model and its
coefficieots as functions of stand density (average basaL area measure), site index (height of dom-coefficieots as functions of stand density (average basat area measure), site indlx (height of dom-
inant and codominants), and quantified species. This procedure is illustrated with data for fiveinant and codominants), and quantified species. This procedure is

lPresent address: P.M.B. 5042, lbadan, Nigeria.
zDeveloped with suppon of PC006, a grant to Dr. J. H. G. Smith of the University of British
Columbia by the Producdviry Committee of the British Columbia Forest Service- Data provided
by the Inventoiy Division of the British Columbia Forest Service.

interior British Columbia species groups
Comparison of the ages at $hich the maximum net mear annual increments calculated

the composite function and from individual models occur indicate they are not differeot.

Introduction

Volume is one of the most impottant indices of producivi.y and is used in the formu-
larion of forest management policies and in the assessment of silvicultutal tfearmeots.
Volume-age relationships are known to follow the sigmoid shape, and their existence in
the form of yield tables dates back ro rhe eighreenth century ( Spur, 1!52).

Quite commonly, several volume-age o! other convenient relationships are expfessed
for different species under various sire condidons. We present in this paper a procedure
fot developing a model common to all species for a range of site and stand density
classes thar is a composite-functioo.

Important attributes of any volume-age function which have to be coosider€d in-
clude rhe maximum cuffenr annual increment (mcai). the maximum mean annual io-
crement (mmai) and rhe ultirnate limiting value. The mmai represents the point of
intersection of the cai and mai curves, and is also the point of taogency of the sigmoid
cuwe (yield cuve) with the srlaight line through the origin. The age of the mmai
coincides with the physical rotation, that is, the rotation yielding the largesrt volume of
wood per unit area over the leogth of the period. This coincidence does not necessarily
imply the ma--<imum retun on rhe investment The mcai cortesponds to the point of
inflectioq on the yield curve.

The procedure to be described relies heavily on the individual's ability to describe
certain conditions accurarely. Ir vrould L,e advantageous if coefficients of the model had
meaoingful biological interpretations, but since the method is only that of mathematical
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description, this requirement is not very essential. It is necessary to have the same model
for all dre differenr conditions.

The modified Gompertz function (Winsor, 1932; Grosenbaugh, 1965) is used to
demonstrate the method in view of its ability to describe existing British Columbia
Forest Service (B.C.F.S.) data accurately (Noke, 1974).

The Method

Fout main stages (a-d) are recognized.

a, The modified Gomperrz funcrion,

-e  
-c (  x  -  g )

is fitted to each species group data for every combination of site class and stand density.
In this non-linear function, a is the ultimate limiting value, c is a coefficient specifying
curve shape, and g is the point of inflection h yean. V is net volume in clbic meters
per ha ( close utilization standard), and r is the age class average in years.

b) The coefficienrs estimated in the preceding srage are rhen expresed as functions
of species, site index, and stand density, using eirher linear or non-linear least squares
procedure. Site index is the average height of the dominant or codominant trees of a
Pafticular species group in a giveo locality at an index age. This stage involves the quan-
tification of the species.

c) This stage is optional. It involves defining "common" site index and stand density
values for all the species under consideration. Such consant values could lead to poorer
yield estimates than if the acrual values for each species group were used.

d) The composite function could tben be reproduced as yield tables or graphs for
each species group under the indicated common or actual site indices and stand densities.

Illustration

The objective of this illustration is to obtain a compo,site volume-age function by site
index (SI), and stand density (SD) for five interior B.C. species groups (S), viz.
Lodgepole pine (Pi.n r cantarta Do:ug,l.), Spruce (Picea itchensit (Bong.) C_art),
Aspet (Popwlus tremwloides Michx.) Douglas iir (Pre d,otruga menziesii (Mitb.)
Franco), Balsam (Abiet balvmea (I.) Mil l.).

Fourteen sets of species group data with net volume per uoit area (mfha), basai
area per ha, age, and site indices (and classes), and grouped under five SD classes were
available from the L,asic study by smith (1973). The sD classes were 1_50, 51_80, g1_
\20, 121-150, 151f percenr of average basal area per hectare of rees 18 cm diameter
at breasr height (dbh) and larger. Each SD value may be obtained by any of the follow-
ing procedures;

(i) using the mid-points of the respective SD classes

IBA':*"

(ii) sDij" -EL-" 1oo percent
a

:BA.t,
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whele BA is basal area, and SDi3. is the average stand densiry for {rcies S, Site class i
and SD class i for all ages. The notation BA.;r" is the average basal area for species S,

site class j and age class k; that is,

- n
BA;r.. : 

f 
:_ 

., 
BAu*

Procedure (i) is not appropriate for stand classes with unequal widths, and (ii) is based
on a linear relationship of average basal area with age which is untrue. Procedure (iii)

was used in this srudy because of the limiatioos of (i) and (ii).

Stage 1: Estimates of the Gompnz coefficients a, c, B, (^y^il^ble on tequest) were
obtained for each set of dara using the UBC-BMDX85 non-lirear cornputer Program,
This program, vrhich is an adaptation from the BMDX85 plogram of the UCLA Docu-
mefllation Center, uses the modified Gauss-Nevrton iterative procedure described by
Hartley ( 1!61).

Stage 2: The five species were quaotified as follows:

1-lodgepole pine, 2-spruce, 3----aspen, 4-Douglas fir, and 5-balsam. Thus the var-
iable S took on values of 1 io 5, whole numbers only. Coefficient esdmales a, c, g were
then expressed as functioos of S, SD, SI aod rheir transformations using the linear re-
gression program developed by A. Kozak, wirh lhe condition that earh of the inde-
peodeot variables S, SD, and SI occurred at least otrce io any of the three fuoctions.
The results obained from this example were of the following form:
eqn 1: a = f1S3, s4, SD2, SD3, SD4, st1* SD) ; R2 = .9006 sEn = 60.0m3/ha
eqn 2: c:F(S, 52, 53, 54, SI, SD2, SD3, SD4, SD* SI, SD2*SI); l.2=.4996 SEr:0.0089
eqn 3: s={(S, 52, 54, SI, SI2, SD) ; R2:.7585 SED=8.6 years

These regressions were highly significant wirh faidy high coefficients of multiple de-
termination; R2.SEp represenrs the standard error of the estimate of the depeodent var-
iable. The values of a from the various conditiom used in obtainins the above functions
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ranged from 43.3 to 746.6, a tanged from 0.011304 to 0.074160, and g was frcm 21765

to 114.42. Thus the SEs obtained from the functions of a, c, g could be regarded as

faidy reastrnable.

Stage 3: To compute final yields from the composite model, "common" values for

site index and stand densiry wete used. I$tead of using these values, use could have been
made of the separate species values as iqdicated in Tables 1 and 2. These tables were de-

rived fiom the basic data of Smith (1973).

TABLE 1. Heisht or dominanls anit coalomjnants jn meiers a1 age 100 (Site indices) ior inferior

British Columbia species sroups.

Species group

Code Name Sile 1 Sil€ 3 Site 3

t
2

4
5

Douslas lir

2 7 . 1
2 9 . 6

30_5
2  9 . 0
2 0 . 0
2 9

2 2 . 3
23.5
27.4
22.9
2 2 . 6
23.7
2 4

1 6 . 8
1 6 . 8
1 9 . 5
19.5
1 ' , L 7
1 8 , I
1 8

The large differences in the average SD values for SD class 151f s/ere due to the oPetr
naftue of the class. Accordingly, two "common" values of 170 and 205 were allocated
to the class.

Stage 4: Final yield tables wele then computed fo! species 1-5, SD 30-205, for
site indices 29.0, 24.0, and 18.0 usiog the modified Gompertz model,

Tabl€ 2. Stanal densiiy values in percentases.

SD class 1-50 51-80
s c  1 2 3  1 2 3

8 1 - 1 2 0
1 2 3

1 2 1 -  1 5  0
1 2 3

151+
t 2 3

1 Irdsepol€ pine

4 Douglas lir
5 Balsam

3 8  3 3  3 0  6 8  6 ?  6 6
3 7  3 2  2 8  6 9  6 ?  6 4
- 3 3 2 9  - 6 7 6 9
3 ?  3 5  3 5  6 9  6 6  6 ?
4 0  3 4  3 3  6 4  6 9  6 6
3 8  3 3  3 1  6 8  6 ?  6 6

3 0  6 5

1 0 0  1 0 2  9 6
1 0 3  1 0 0  1 0 2

1 0 2  9 5
9 9  1 0 0  1 0 0
9 7  9 9  0 8

1 0 0  1 0 1  9 E
1 0 0

1 3 2  1 3 4  1 3 6
1 3 4  1 3 3  1 3 1
-  1 3 3  1 4 4

1 3 , 1  1 3 6  1 ! 5
1 3 1  1 3 5  1 3 9
1 3 3  1 3 4  1 3 7

1 8 0  1 9 3  2 2 5
1 ? 8  1 ? 7  2 1 0

1 ? 5  2 0 1
1 6 ?  2 0 4  2 0 8
1 8 5  1 7 5  2 0 3
1 ? 8  1 8 5  2 1 0

1 ? 0  2 0 5

- (eqn2) (x - eqn.3)
- e

r,r : (eqn.1) e

Maximum mai values for each species wefe then computed using the common site in-
dex respective species site index value. Table 3 provides summaries of the results for
lodgepole pine (SC 1,2, l) and aspen (SC 2, 3). The predicted volumes (V) varied
for the two appro@ches ( common versus species site index), but the ages (A) at which
thes€ maximum values were attained were similar.

Conclusion

A method of obraining a composite volume-age function has been presented. This
method is simple and requires a minimum amount of time and comPutation. It is not
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lestrictd to tlre Gompertz function. The ooly requirement is that the same m,qdel should

be used in describing each species and/or site condi.ioos. Such models should be able

to fit the data adequately. The method may also be aPPIied to a single sPecies; iq dris

case, 
"spe(ies" will no longer be a variable.
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