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INTRODUCTION

Characterization of site quality is important in forest

management. Clutter et al. (1983) described both direcl and

indirect methods for quantifying site quality. Direct methods

include the estimation ofsite quality from: (a) historical yield

records, (b) stand volume data, (c) height-age relationships

(site index), or (d) growth intercepts. Indirect methods include

similar estimations from: (a) relationships among the

dominant species, (b) lesser vegetation characteristics (or

site indicators), or (c) topographic, climatic, and edaphic

factors.

Site index has been the must widely used means to estimate

site productivity in North America (Carmean 1975). Despite

its possible shortcomings (jsee Griga! 1984, Monscrud

1984a,b), site index will, in all probability, continue to be

used for the foreseeable future. Indirect methods are usually

adopted only when direcl methods arc unsuitable.

Many attempts have been made to relate site index to site

factors. However, Vallee and Lawry (1970), Lawry (1972),

Monserud (1984a, 1987), and Payandeh (1986) have shown

that correlations between site index and soil or vegetation

factors arc usually poor. Consequently, site productivity

functions based on these variables may he of limited use.

Monscrud (1984a) incorporated habitat factors into site

indexequations{onvisadOoug^ssSifPseudolsugameraiesU

[Mirb.]}. More recently. Payandeh (1'J'JI) developed a

composite site index equation for peatland black spruce

(Picea mariana [MtU.J B.S.P.) in northern Ontario.

This paper presents a generalized model that uses bolh direct

and indirect variables for developing composite site index

equations. Such composite models arc expected to improve

both the accuracy and the application of site index equations.

The generalized model is compared wilh the logistic

(Monscrud 1984a) and the composite site index (Payandeh

1991) models.

METHODS

Basc-agc specific site index models have the following form:

ll = f(p.l,S) + E [I]

where: H is the height of dominant and codominam trees in

the stand (to);

S is site index (m);

t is (he total age of dominant and codominant trees

(years);

P is a parameter vector of dimension p; and

£is random error.

Model I can be fitted to a data set consisting of several

subsets of ecological or silvicultural categories. However,

the estimated (1 cannot differentiate among the various

categories unless each one is properly distinguished in the

model, Monserud (1984a) and Payandeh (1991) employed

indicator variables to differentiate several levels of one

parameter of [1. This procedure generate1; an estimate of [i in

whichone parameterestimate varies from category to category

while the rest are identical for the entire data sel.
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Model 1 can be expanded into the generalized composite

model:

[2]

where: (J.*s are a new parameter vectors of dimension p;

I.'sarcindicator scalar variables of values 1 orO;and

M is a positive integer to be determined by the

number of categories in the daia sel.

M is chosen as a minimum positive integer such thai 2N1 > G

whereGis the numberofcategories inthe data Tor example,

if a data set contains eight categories, then M should be three;

for a data set with 100 categories, M should be seven.

Two data sets were used to examine the performance of

Model 2. Data Set! consisted of measurements (Sims et al.

1986) from 127 black spruce plois located throughout north

central Ontario. On each plot, three well-formed, healthy,

dominan t or codominarU black spruce trees were selected for

stem analysis; an average height-age curve and site index

were also determined for each plot. Various soil properties

were measured and each plot was classified into one of

22 soil types (Sims ct al. 1986). The plot summary data

included: site index based on total age, site index based on

breast height age, soil type, total heighl. total age, and age at

breast height.

Most soil types were assigned to one of seven moisture/

texiure classes (Table 1). Several soil types represented by

only a few plots, or not conforming lo the seven classes, were

eliminated from ihc data set.

Correlation analysis was used to determine the relative

contribution of the above soil types or moisture/lexturc

classes to the variability of site index (Payandeh and

Suiion 1988, Payandeh and Wood 1988).

Table 1. Assignment of forest ecosystem classification to

soil types by simplified soil moisture/texture classes for

black spruce in norlh central Ontario.

Data Set 2 came from 145 plots located in the Clay Belt of

northeastern Ontario (Payandeh 1986). Stand age, tree

frequency, basal area, and total height data were collected.

Also, each plot was classified into one of the 14 operational

groups (OGs) (site classes developed for the Clay Bell by

Jeglum et al. 1983) in the Forest Ecosystem Classification

(FEC) system. The plot site index was calculated based on

Ibree to five dominant or codominanl trees using the site-

index formula developed for pealland black spruce (Payandch

1978).

Ofthe 145 plots, 122 were classified into OGs I!, 12, and 14.

Tim oihcr 23 plots,scattered among ihe remaining OGs, were

discarded because of limited observations.

SITE INDEX MODELS EXAMINED

For comparison and evaluation, the two data sets were fined

to Ihe logistic model (Mnnscrud 1984a), composite model

(Payandeh 1991), and generalized mode!. The logistic model

takes the following form for both data sels:

H =

l + e
♦ b5ln(S) [31

where main symbols are as defined for Models I and 2. The

composite model (Payandch 1991) for the first data set

containing seven soil types is:

* I2a2

H =

[4]

Forest Ecosystem

Classification soil type

where: a,'s and b.'s are parameters to be estimated;

I, = 0,1, = 0, and I, = 0 for Soil Group 1:

I, =0,Ij= 0, and I, = 1 for Soil Group 2;

It = 0, \2 = 1, and I, = 0 for Soil Group 3;

I, = 0,1, = I, and I, = 1 for Soil Group 4;

r, = 1,1, = 0, and l', = 0 for Soil Group 5;
I; = 1,1,=0, and 1, = 1 for Soil Group 6; and

[, = 1, \ = 1, and ij = 0 for Soil Group 7.

Moisture/texture class -fa. composite model for Data Set 2 takes the form:

S1N1.S1N2.S2C.S2N,

S3C. S3N, S4C

S4N, S4C2, S4C3, S5C,

S5N

S6N, S6C, S7N, S7C.

S8C, S8N

S9N, S9C,SS8

SI0N.S10C.S1IF.

S11S, SS9

SS1,SS2,SS3,SS4

SS5, SS6, SS7

1 Dry-fresh sandy loamy

2 Dry-fresh fine loamy/clayey

3 Moist sandy/loamy

4 Moist fine loamy/clayey

5 Wet organic, wet organic/rock

and peaty phase

6 Shallow/rock

7 Dry-fresh, moderate deep/rock

H =

1 + e
* bjlntt] + 151

where: I, = 1 and I, = 0 for OG 11;

I( = 0and^= I forOG 12; and



The generalized model for Data Set I has the form:

H -

1 + e
P5ln(SM

[61

Table 2. Regression mean squared errors (MSE) for

Models 3-7 and percent reduction in MSE from Model 3 Tor

black spruce from north central Ontario (Data Set 1) and

northeastern Ontario (Data Set 2).

Mode! Data Sei MSE Reduction

Pi

_

A)l

Al2

V

-^11

As.

+ J2

*>22
+ X]

^31

^35,

Logistic (Mode! 3)

Composite (Model 4)

Generalized {Model 6)

Logistic (Model 3)

Composite (Model 5)

Generalized (Model 7)

I

1

1

2

2

2

2.05

1.96

2.04

1.03

0.85

0.81

0.0

4.6

1.0

0.0

21.2

27.2

where: b *s are parameters to be eslimatcd; and

I.'s are indicator variables as in Model 4.

The generalized model for Data Set 2 has the form:

H =
[7]

1 + e
* p.lnlt) ♦ psln(S)

Pi

P2

p.

p.,

p5

=

Ah

Ak

A>3

A*

As.

♦ X,

*!u i>2l

^3

*>u

where: b( 's are parameters to he estimated; and

I('s are indicator variables similar to Model 5.

RESULTS AND DISCUSSION

Table 2 summarizes mean squared errors (MSE) obtained for

the two daia sets using Models 3-7. The MSE for the logistic

Model 3 was used as a base of comparison Recalculating the

percent reduction hyoiher models in each data sel. For Data

Sel 1, the composite model (Model 4) and the generalized

inodcl (Model 6) reduced MSE by 5 percent and 1 percent,

respectively. For Data Set 2, The composite model (Model 5)

and the generalized model (Model 7) reduced MSE by 21

percent and 27 percent, respectively. Families of site index

curves based on the generalized model for Data Set 2

(Model 7) for Site Indices 3,6, and 9 m, and OGs 11, 12. and

14 are shown in Figure I. Note that the ihreeOGs produced

distinctly different curves for each site index. Figure I also

shows polymorphism more clearly, especially at younger

ages, than did those curves presented earlier by Payandeh

(1991). This indicates that the generalized model described

both data sets better than did cither the composite siie index

model (Payandeh 1991) or Ihe logistic site index model

(Model 3) (Monserucl 1984a).

Figure I. Graphs ofthe sue index curves from Model 7, based on

Data Set 2for Site Indices 3, 6, umi9 in aiul Operational Croups I!.

12, and 14.

ACKNOWLEDGMENTS

The authors wish to thank Richard Sims of the Canadian

Forest Service, Great Lakes Forestry Centre, and Bill Towill

ofthe Ontario Ministry of Natural Resources. Thunder Bay,

for providing daia and professional advice. Funding for this

study was provided by Natural Resources Canada, Science

and Technology Opportunities Program.

LITERATURE CITED

Carmean, W. H. 1975. Forest site quality evaluation in the

United States. Adv. Agron. 27:209-69.

Clutter, J. L.; Forlson, J. C; Pienaar, L. V.; Brisier, G. H.:

Bailey. R. L. 1983. Timber management: A quantitative

approach. John Wiley & Sons, Inc., New York. NY.

Grigal, D.F. 1984. Shortcomings of soil surveys for forest

management. p. 148-166 in J.G. Bockheim, cd. Proc.Symp.

on Forest Land Classification: Experiences, Problems,

Perspectives. September 1983, Madison. Wisconsin. USDA

For. Serv., North Central For. Exp. Stn., St. Paul, MN. Rep.

NC-102.209p.



Jeglum, J.K.; Armip, R.; Jones, R.K.; Picrpoint, G.;

Wickware, G.M. 1983. Forest ecosystem classification in

Ontario's Clay Belt: A case study, p. 117-127 in G.D. Mm/.

andIP.Bemdrs.eds.Proc. ArtificialRegeneration ofConifers

in the Upper Great Lakes Region. 26-28 Oclobcr 1982,

Green Bay, Wisconsin. Mich. Tech. Univ., Houghlon, MI.

Lowry.G. L. 1972. Forest soil—site studies. V. Black spruce

productivity as related to soil and other site factors. Pulp and

Paper. Mag. of Can. Woodland Reports WR/144. 49 p.

Monserud, R. A. 1984b. Height growth and site index curves

for inland Douglas-fir based on stem analysis data and forest

habitat types. For. Sci. 30:943-965.

Monserud, R.A. 1984n. Problems with site index: An opi

nionated review, p. 167-180 in J.G. Bockheim, ed. Proc.

Symp.onForest Land Classification: Experiences, Problems,

Perspectives. September 1983, Madison, Wisconsin. US DA

For. Scrv., North Central For. Exp. Stn., St. Paul, MN. Rep.

NC-102.209p.

Monserud, R. A. 1987. Variation on a theme of site index,

p. 419-427 in A.R. Ek. S. R. Shifley and T. E. Burk, eds.

Proc. IUFRO Forest Growth Modelling and Prediction

Conference. 23-27 August 1987, Minneapolis. Minnesota.

USDA For. Serv., North Central For. Exp. Stn., St. Paul, MN.

Gen. Tech. Rep. NCR-120.

Payandeh, B. 1978. A site index Formula for pealland black

spruce in northern Ontario. For. Chron. 54(I}:39-41.

Payandeh, B. 1986. Predictability of site index from soil

factors and lesser vegetation in northern Ontario forest types.

Gov'l of Can., Can. For. Serv., Sault Stc. Marie, ON. Inf.

Rep. O-X-373. 12 p. + appendices.

Payandeh, B. 1991. Composite site-productivity functions

for northern Ontario black spruce. New For. 5:1-12.

Payandeh, B.; Wood, J. E. 1988. Identifying factors affecting

plantation performance in boreal forests of Ontario. New

For. 2:73-87.

Payandeh, B.;Sutton,R. F. 1988. Modelling early plantation

performance: Identification of critical factors. Scand. J. For.

Res. 4:75-86.

Sims, R. A.; Towill, W. D.; Wickware, G. M. 1986. A stalus

report on a forest ecosystem classification (FEC) program

forOnlario's north central region, p. 72-82 in G.M. Wickware

and W.C. Stevens, cochairs. Proc. of Site Classification in

Relation to Forest Management. 27-29 August 1985, Saull

Ste. Marie, Ontario. Gov'tofCan., Canadian Forestry Service,

Sauh Ste. Marie, ON. COJFRC Symp. Proc. O-P-14. 142 p.

Vallce, G.; Lowry, G. L. 1970. Forest soil-site studies. If.

The use of vegetation for evaluating site fertility of black

spruce. Pulp. Pap. Res. Inst. Can., Pointe Claire. QC.

Woodland Pap. No. 16. 32 p.

Bijan Payandeh Yonglic Wang

Dr. Bijan Payandeh, a research scientist with the Canadian

Forest Service, Greal Lakes Forestry Centre, conducts

modeling studies on forest regeneration systems and on the

growth and yield of major forest types in Ontario.

Dr. Yonghc Wang, a research scientist with the Canadian

Forest Service, Greal Lakes Forestry Centre, specializes in

hioslatistics.

Additional copies of this publication arc available from:

Natural Resources Canada

Canadian Forest Service

Greal Lakes Forestry Centre

P.O. Box 490

Sault Ste. Marie, Ontario

P6A 5M7

(705)949-9401

(705) 759-5700 (FAX)

©Her Majesty the Queen in Right of Canada 1997

Catalogue No. Fo 29-29/99- 1997E

ISBN 0-662-25280-2

ISSN 1183-2762

This technical note is printed on paper

containing recycled material.


