




POLYMORPHIC SITE INDEX CURVES FOR WHITE PINE 

IN THE SOUTHERN APPALACHLANS 

by 
Donald E. Beck, Phciflal Silvicaltarist 

Site index - the height of the dominant 
stand at some particular age - is the common- 
ly used yardstick by which relative productiv- 
ity of forest sites is measured. In stands young- 
er or older than index age, a family of height/ 
age curves is required foe projecting measured 
height to the height at index age. Most such 
curves now in use were constructed using the 
methods described by Bruce ( 1926). These 
methods involve measuring height and age of 
many stands at a single point in time, fitting an 
average curve of height on age to these data, 
and con~xructing a series of higher and lower 
curves with the same shape as the guide curve. 

Evidence has accumulated in recent years 
that the curves constructed in this manner often 
do not represent accurately the growth of 
stands. In the first place, the guide curve is 
accurate only if the ranges of site indices are 
equally represented at all ages. Spurr ( 1955 ), 
King (1966), and Curtis ( 1964) report that 
unequal sampling frequently occurs because of 
the patterns of cutting and land abandonment 
in a particular region. For example, trees reach 
merchantable size faster and are often cut at 
younger ages on the higher quality sites. Con- 
sequently, a sample of stands drawn at one 
point in time would likely result in a lower 
average site index in older stands than in the 
young stands. A guide curve constructed from 

such a sample could not accurately depict ac- 
tual growth trends. The second source of error 
is the assumption that the shape of the curve 
does not vary from site to site, i.e., the site 
curves are anamorphic. This assumption has 
been proved false for several species (Bull 
1931; Spurr 1952, 1955; King 1966; Stage 
1963; Brickell 1966, 1968). 

The site index curves currently being used 
to evaluate site quality in1 ~iatural stands of east- 
ern white pine (Pinas strobgs L.) in the South- 
ern Appalachians were constructed by the ana- 
morphic technique (Doolittle and Vimmer- 
stedt 1960). These curves are subject to both 
sources of error mentioned above. A recent in- 
vestigation'. showed that the published Doo- 
little-Vimmerstedt curves result in biased esti- 
mates of site index, particularly in young stands. 
Figure 1 compares actual growth to pattern of 
growth predicted by the published site index 
curves for representative stands of low, me- 
dium, and high site index. In all three circum- 
stances, measured rate of growth below index 
age 50 was much slower than predicted by the 
site index curves. Beyond index age, measured 
rate of growth was slightly greater than pre- 
dicted growth raa. 

Beck. Donald E. Height growth patterns in east- 
ern white plne in the Southern Appalachians. 1969 
(Unpubl. Ph.D. diss., N. C. State Univ., Raleigh.) 



, -, , ,, ,-, DOOLITTLE -VIMMERSTEDT 

ACTUAL 

STAND AGE 

Figure 1.Acfual  height-growth curves for three represenfafive stands compared to 
fhe Dooliffle-Vimmersfedf site curve predictions for similar sites. 



If the published site index curves had been 
used to predict site index when these stands 
were 20 years old, actual site index would have 
been underestimated by 14 to 20 feet. As a re- 
sult, board-foot yields at a rotation age of 70 
would be underestimated by as much as 22 M 
bd. ft. per acre, or nearly 40 percent of actual 
yields. Consistent underestimation of this mag- 
nitude could cause serious underevaluation of 
forest land and mismanagement of forest stands. 

Discrepancies shown in figure 1 suggest a 
sampling bias in the published curves in which 
a disproportionate number of high quality sites 
were represented in the young age classes. 
Though not as readily evident, failure to allow 
for polymorphic growth trends also may be 
contributing to the discrepancies between meas- 
ured and predicted growth trends. 

This paper presents new site index curves 
for natural, even-aged stands of white pine in 
the Southern Appalachians. These new curves 
are based on measured growth of stands and 
make a 1 low an ces for polymorphic growth 
trends. 

DATA COLLECTION 

The study data were obtained from 42 even- 
aged stands of white pine of natural origin. At 
least 75 percent of the dominant and codom- 
inant trees in each stand were white pine. 
These stands were located in the mountains of 
southwestern Virginia, eastern Tennessee, west- 
ern North Carolina, and northern Georgia- 
the southernmost range of eastern white pine- 

Three trees in each stand were selected from 
the dominant and codominant crown classes for 
measurement of the height/age relationship. 
These trees were free from injury and. disease 
and had not been suppressed as evidenced by 
the annual rings. After felling, height at suc- 
cessive ages was determined by internode meas- 
urement. Nodes on the lower bole of the larg- 
er trees were frequently obscured by natural 
pruning and subsequent diameter growth. 
When the nodes were obscured, the lower 15 
to 20 feet of the bole was split along the pith 
to avoid errors in determining heights. Ring 
counts were used also as a check on height de- 
termined by internode measurement. 

For each sample tree the diameter of and 
distance to competing trees were measured for 
conversion to a measure of surrounding den- 
sity. On each plot mean elevation. above sea 
level, aspect in degrees, steepness of slope in 
percent, and position (stream bottom, lower, 
middle, or upper slope) were recorded. 

SITE INDEX CURVES 

The site index curves were developed in 
three steps: 

1. Selecting a mathematical model that 
satisfactorily described the growth of individual 
stands. 

2. Determining if and how the pattern of 
growth varied among stands of different site 
index and providing for change in shape of the 
curve in the mathematical model. 

over an elevational range from 1,350 to- 3,050 
feet. Topography included slopes from 0 to 57 3. Testing to see if stand density and some 

percent, many degrees of exposure, and posi- . topographic features of the site affected shape 

tions ranging from stream bottoms to ridgetops. of the curve. 

Site index (index age 50) ranged from 71 to Each step is described more fully in the 

122. Stand age ranged from 44 to 70 so that Appendix. 

measured height at index age was available for The resulting equation which expresses 
all bdt a few stands. height as a function of age and site index is: 

I 

where H is total height at age t, S is site index 
at index age 50, and e is base of the natural 
logarithms. This equation allows the pattern 



of height growth to vary with the level of site 
index. Figure 2 shows the family of curves 
generated by solution of the equation for se- 
lected values of site index. 

APPLICATION OF THE CURVES 
These site index curves apply to naturally 

established, even-aged stands of white pine in 
the Southern Appalachians. To estimate aver- 
age site index in such stands, measure total 

height and total age of at least three dominant 
and codominant trees per plot or location of 
uniform site conditions. The trees selected 
should appear to have been in the dominant 
stand throughout their lives and show no evi- 
dence of damage, disease, or any condition 
which may have adversely affected height 
growth. The curves should be entered with the 
average height and age of the selected trees on 
each plot. 
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Figure 2.-Polymorphic site index curves for natural stands of eastern white pine in 
the Southern Appalachians. 
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APPENDIX 

The Model 

Graphs of height on age for individual trees 
and stands showed the characteristic sigmoid, 
or S-shaped, trend described by Spurr ( 195 2 ) . 
Investigation of a large number of sigmoid 
functions, including those discussed by Grosen- 
baugh ( 1965 ) , led to Richards' ( 1959) mod- 
ification of the Bertalanffy equation (Bertal- 
anffy 1938, 1957). This model was suggest- 
ed for use in describing growth of trees by 
Cooper (1961) and applied to height growth 
of Engelmann spruce and inland Douglas-fir 
by Brickell ( 1966, 1968). 

The form of equation used in this study 
was: 1 

m (which determine curve shape) were exam- 
ined in relation to site index by graphing and 
by regression analysis. It was found that both 
A and k were highly significantly related to site 
index by linear equations of the form: 

where S is site index and bo, bl ,  and co, and cl  
are coefficients to be estimated. The coefficient 
m was apparently randomly distributed with 
respect to site index and average value of m was 
shown by t-test to be not significantly different 
from 0.5. Because it greatly simplified the 
growth equation, the coefficient m was allowed 
to take a value of 0.5. 

where H is height at age t, e is the base of nat- Thus, allowance for varying shape of curve 
ural logarithms, and A, k, and m are parameters from site to site was made by expressing the 
to be estimated. This model has the properties, coefficients A and k as functions of site index 
for certain values of the parameters, required in the growth model (equation 1) .  The co- 
to generate anl asymmetrical S-shaped curve that efficient m was held constant at 0.5 making the 
passes through the origin and approaches a 1 
maximum height as age approaches infinity. quantity 1 - m equal to 2. The function: 

Deriving the Site Index Curves I -[c0 + C 1  (S)l t 
Coefficients of the growth model (equation H = [bo + bl (S)] 1 - e }' (4)  

1 )  were estimated fcr each of the 42 stands 
with an iterative least-squares fitting procedure. 
Then, to determine if the shape of the growth was fitted to the combined data for all stands 
curve varied from one level of site index to an- the iterative least squares procedure. The 
other, the estimates of the coefficients A, k, and equation: 

was used to calculate the polymorphic site in- 
dex curves (index age 50) shown in figure 2. 



Testing for Effect of Stand and Site Factors 

To explain additional variation in curve 
form and to further refine estimates of site in- 
dex, the parameters of grcwth curves for fixed 
levels of site index were examined in relation 
to stand density, geographic location, and a 
number of topographic features. Although the 
relationship between growth patterns and as- 
pect, slope position, and steepness of slope were 
statistically significant, the improvement in esti- 
mation of site index was small. The additional 
accuracy did not warrant including these topo- 
graphic features in a practical scheme for esti- 
mating site index. A particular effort was made 
to explore the effect of stand density on site in- 

, dex; however, no significant association be- 
tween height growth and stand density was ob- 
served. 

Precision of the Curves 

To measure precision of the site index 
curves generated by equation 4, estimates of site 
index at age 10, 15, 20, and 30 years were 
made from total height of the 42 sample stands. 
Estimates were then compared to actual site in- 
dex of the stands. These comparisons are sum- 
marized in table 1. 

As is to be expected with any set of site 
curves, the estimates become more precise as 
stand age approaches index age. At age 30, all 
the estimates are within 10 feet of actual site 
index, but at 10 years 71 percent of the esti- 
mates are within 10 feet of actual site index 
and 8 percent err by 25 feet or more. There 
was no evidence of bias at any age, and the 
accuracy expected in even the 10-year-old 
stands is probably sufficient for most manage- 
ment purposes. 

Table 1.-Deviations of estimated site index from actual site index 

10 years 15 years 20 years 30 years 
Deviations Cumulative Cumulative Cumulative Cumulative 

Stands percentage Stands percentage Stands percentage Stands percentage 

Nlcmber Nlrmber Nlcmber Nlrmber 
Within 2 5 feet 16 38 19 27 64 37 88 

45 12 Within -+ 10 feet 14 7 1 14 78 93 5 
Within 15 feet 6 

100 
85 7 95 2 97 - - 

Within f 20 feet 3 92 1 98 1 100 - 
Within f 25 feet 3 100 1 100 -- - - 

Total 42 42 42 42 



LITERATURE CITED 

Bertalanffy, Ludwig von 
1038. A quantitative theory of organic growth. 

(Inquiries on growth laws, 11). Human 
Biol. 10: 181-213, 

1957. Quantitative laws in metabolism and 
growth. Quart. Rev. Biol. 32: 217-231. 

Brickell, James E. 
1966. Site index curves for Engelmann spruce in 

the northern and central Rocky Mountains. 
Intermountain Forest & Range Exp. Sta., 
U. S. Forest Serv. Res. Note INT-42, 8 pp. 

1368. A method for constructing site index 
curves from measurements of tree age and 
height - its application to inland Doug- 
las-fir. Intermountain Forest & Range 
Exp. Sta., U. S. Forest Serv. Res. Pap. INT- 
47, 23 pp. 

Bruce, Donald 
1926. A method of preparing timber-yield tables. 

J. Agr. Res. 32: 543-557. 

Bull, Henry 
1931. The use of polymorphic curves in deter- 

mining site quality in young red pine 
plantations. J. Agr. Res. 43: 1-28. 

Cooper, Charles F. 
1961. Equat ions  for the description of past 

growth in even-aged stands of ponderosa 
pine. Forest Sci. 7: 72-80. 

Curtis, R. 0. 
1964. A stem-analysis approach to site-index 

curves. Forest Sci. 10: 241-256. 

Doolittle, W. T., and Vimrnerstedt, J. P. 
1960. Site index curves for natural stands of 

white pine in the Southern Appalachians. 
USDA Forest Serv. Southeast. Forest Exp. 
Sta. Res. Note 141, 2 pp. 

Grosenbaugh, L. R. 
1965. Generalization and reparameterization of 

some sigmoid and other non-linear func- 
tions. Biometrics 2 1 : 708-7 14. 

King, James E. 
1966. Site index curves for Douglas-fir in the 

Pacific Northwest. Weyerhaeuser Forest. 
Pap. 8, 49 pp. Centralia, Wash. 

Richards, F. J. 
1959. A flexible growth function for empirical 

use. J. Exp. Bot. 10: 290-300. 

Spurr, Stephen H. 
1952. Forest inventory. 476 pp. New York: The 

Ronald Press Co. 

1955. Soils in relation to site-index curves. Soc. 
Amer. Forest. Proc. 1955: 80-85. 

Stage, Albert R. 
1%3. A mathematical approach to polymorphic 

site index curves for grand fir. Forest Sci. 
9: 167-180. 



I Beck, Donald E. I Beck, Donald E. 
1971. Polymorphic Site Index Curves for White Pine in the 1971. Polymorphic Site Index Curves for White Pine in the 

Southern Appalachians. Southeast. Forest Exp. Sta., Southern Appalachians. Sou theas t. Forest Exp. Sta., 
I 

I USDA Forest Serv. Res. Pap. SE-80, 8 pp. I USDA Forest Serv. Res. Pap. SE-80, 8 pp. I 
Site index curves are presented for natural stands of even-aged white Site index curves are presented for natural stands of even-aged white I pine in the Southern Appalachians. The curves are based on meas- I pine in the Southern Appalachians. The curves are based on meas- 
ured height-growth trends in 42 stands. Shape of the height-growth ured height-growth trends in 42 stands. Shape of the height-growth 

I curves was shown to change progressively with the level of site index, I curves was shown to change progressively with the level of site index, 
and these polymorphic trends are incorporated in the finished site-in- and these polymorphic trends are incorporated in the finished site-in- 
dex curves. Comparison of the curves by geographic location, topo- dex curves. Comparison of the curves by geographic location, topo- 

I 
I graphic position, and stand density level showed no important differ- I graphic position, and stand density level showed no important differ- I 
I 

ences. 

I 
ences. 

I Beck, Donald E. 

I 
1971. Polymorphic Site Index Curves for White Pine in the 

Southern Appalachians. Southeast. Forest Exp. Sta., 
USDA Forest Serv. Res. Pap. SE-80, 8 pp. 

I Sin index curves are presented for natural stands of even-aged white 
pine in the Southern Appalachians. The curves are based on meas- 
ured height-growth trends in 42 stands. Shape of the height-growth I curves was shown to change progmively with the level of site index, 
and these polymorphic trends are incorporated in the finished site-in- 1 dex curves. Comparison of the curves by geographic location, topo- 
graphic position, and stand density level showed no important differ- I ences. 

Beck, Donald E. 1 1971. Polymorphic Site Index Curves for White Pine in the 
Southern Appalachians. Southeast. Forest Exp. Sta., 

I 

I USDA Forest Serv. Res. Pap. SE-80, ,8 pp. I 
Site index curves are presented for natural stands of even-aged white I I pine in the Southern Appalachians. The curves are based on meas- 
ured height-growth trends in 42 stands. Shape of the height-growth 

I curves was shown to change progressively with the level of site index, 
and these polymorphic trends are incorporated in the finished site-in- 

I 
I dex curves. Comparison of the curves by geographic location, topo- 

graphic position, and stand density level showed no important differ- I 
I ences. I 



The Forest Service, U. S. Department 

of Agriculture, is dedicated to the 

principle of multiple use management 

of the Nation's forest resources for 

sustained yields of wood, water, for- 

age, wildlife, and recreation. Through 

forestry research, cooperation with 

the States and private forest owners, 

and management of the National 

Forests and National Grasslands, it 

strives-as directed by Congress- 

to provide increasingly greater service 

to a growing Nation. 

Forest Service, U.S. Deportment of Agriculture 
Southeastern Forest Experiment Station 

Ashevilla, North Carolina 


