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Estimation of Site Index Curves for
Loblolly Pine(Pinus taeda L.) and
Slash Pine(Pinus elliottii Engelm.) Plantations'*
Young-Jin Lee’ and Sung-Cheon Hong’

HIOICIA LIS 440 Q2| QE|ALFFAS] &m0l CHSt
HArieer ghis HEO BISH '
FHB® - HETS

ABSTRACT

Loblolly(Pinus taeda L.) and slash(Pinus elliottii Engelm.) pines are the most important timber
producing species in the Southern United States. Site index equations to estimate site index curves
(base age 25 years) for loblolly pine and slash pine plantations have been developed based on long-
term repeated measurement data sets. To check magnitude of errors in estimating site index, each
cumulative measurement cycle data sets and all combined data sets were used to recalculate site index
values.

The Chapman-Richards' growth function was selected for stand height prediction. Anamorphic base
age invariant site index curves were presented based on this height prediction equation. Statistics used
in the evaluation were mean of the differences and mean of the absolute differences. For plantation
ages less than 5 years, site index values showed very sensitive for both species based on the
evaluation test.

Key words : Pinus taeda, Pinus elliottii, The Chapman-Richards growth function, site index curves,
magnitude of errors.
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INTRODUCTION

Forest managers have been interested in using
growth and yield models to assist them in forest
management planning. Site index is a practical
and commonly used methods for quantifving site
quality for even-aged forest stands and an essen-
tial component in growth and yield models.

Site index is an expression of forest site pro-
ductivity defined as the average total height of
the dominant(or codominant) trees in pure even-
aged stands at an arbitrarily chosen index age.
Typically this base index age is set at 25, 50, or
100 vears. The base index age is specified some-
what
1992).

Numerous site index equations have been pub-
lished for loblolly pine(Clutter and Lenhart, 1968 :
Lenhart, 1971 : Popham et al.. 1979 : Pienaar and
Shiver, 1980 ; Golden et al., 1981 ; Amateis and
Burkhart, 1985 : Lenhart et al., 1986 : Lee. 1998)
and for slash pine plantations(Bailey et al., 1973 :
Zamoch and Feduccia, 1984 ; Borders et al., 1984 ;
Lenhart et al., 1986 Lee. 1998) grown under
different conditions in various geographic locations
in the southem United State.

less than rotation age(Goelz and Burk,

An evaluation of a variety of site index models
by Cao(1993). using remeasurement data from pine
plantations from Texas to Maryland for short-,
medium-, and long-range height projection showed
that the Chapman-Richards model was more suit-
able than Schumacher model.

The objective of this study is to develop ana-
morphic base age invariant site index equations
to estimate site index for loblolly and slash pine
plantations and to check magnitude of errors in
estimating site index based on repeated measure-
ment data sers(1982 - 1997) in the south-western
of United States,

MATERIALS AND METHODS

1. The study area
The study area consists of 22 counties in East

Texas, USA. Generally,
within the rectangle from 30° - 35 north latitude
and 93°

the counties are located
96" west longitude.

2. Data collection

Long-term data from East Texas Pine Planta-
tion Research Project(ETPPRP) permanent plots
loblolly
throughout on the southwestern region of United
States were analyzed in this study. The ETPPRP
is a long-term comprehensive endeavor initiated

located in and slash pine plantations

by the College of Forestry at Stephen F. Austin
State University in 1982 in conjunction with five
industries. Over a  3-year

participating forest

period in 1982 81, 256 permanent plots were
mstalled by the IXTPPRP in these industrial pine
plantations. Of the 256 plots, 177 were in loblolly
pine plantations, and 79 were in slash pine plan-
tations.
Fach plot consists of two adjacent subplots
separated by a 60ft(18m) buffer. Fach subplot is
1001t(30m) by 100ft(30m) square. Surrounding the
Fach
For this
stwly, the life of each planted pine trees had
been tracked for 16 vears(1982 1997) or 5 and

1/3 measurement cycles. Each measurement cycle

subplots is a 30ft(9m) wide buffer zone.

subplot i1s a distinct sampling unit.

is three years in length. For this study, all sub-
plots were combined for model fitting and each
measurement cycle data sets were utilized for
evaluation purposes.

The character and nature of the observed
loblolly and slash pine stands data sets is shown

in Table 1.

3. The Chapman-Richards(Richards 1959,
Chapman 1961) function
The basic height-age function emploved was
the Chapman-Richards function, which was ex-
tension of Vor Bertalanffy's(1957) growth function.
The
height-age model can take the form :

Chapman-Richards function based on a

H= b,(1~ exp(— b.A)) b 1
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Table 1. Descriptive statistics of Pinus taeda and Pinus elliottii stands data éets.

Species Variable N Mean Std. Dev. Min. Max.
P. taeda Age (yrs) 1,713 11.5 5.6 1 30
Height (m) 1,713 11.6 5.7 0.6 30.5
P. elliotti Age (yrs) 764 1.1 54 1 27
Height (m) 764 11.2 5.6 0.6 33.8

where H is height at a given age A(m), A=
plantation age(years), &=the asymptote, & the
rate parameter, and & the shape parameter.
Equation (1) has been used extensively in
growth and yield studies in forestry for describ-
ing site index curves, height-age, diameter-age,
basal area-age, and growth rate-age relationships
(Pienaar and Tumbull, 1973 ; Clutter et al., 1983 ;
Somers and Farrar, 1991 ; Payandeh and Wang,
1994). Because of its sigmoidal flexibility in
shape and biological and statistical properties.

4. Evaluations

Evaluations were calculated based on the aver-
age mean differences(MD) and absolute mean
differences(AMD). MD is measures of the bias in
estimating mean heights, while AMD is measures
of precision. The sum of the absolute deviation
is a measure of precision in fitting height predic-
tion. To check magnitude of errors in estimating
site index, each cumulative measurement cycle
data sets and all combined data sets were used
to recalculate site index values based on the
guide curve equation (1).

Comparisons of site index values between each
cumulative measurement cycle data sets and all
combined measurement cycle data sets showed
magnitude of absolute mean deviation of site in-
dex values over ages for both species based on
the absolute mean difference of site index values.

RESULTS AND DISCUSSION

1. Loblolly pine

The nonlinear regression was used to fit 1,713
age-height pairs using the PROC NLIN procedure
in SAS(SAS Institute Inc., 1989). Multiple start-
ing values for parameters were provided to ensure
that the nonlinear least square solution was a
global minimum rather than a local minimum,

Resulting parameter estimates and associated
asymptotic standard error are :

5,=25.00523 with S(%,)=0.67044, 5,=0.09368
with S(53)=0.00577, and 5,=0.40758 with S

(5=0.02566.

None of the asymptotic 95% confidence inter-
vals for each of the parameter estimates contained
zero, thus the conclusion was reached that the
equation parameters are significant. In addition,
it was estimated that the model explained about
87.3% of the variation in the average value of
height.

A plotting of residuals against predicted and
independent variables indicated that a random pat-
temn around zero with no detectable trends. Table
2 shows the differences between observed and
predicted height values by age classes.

The residual mean differences and the absolute
residual mean differences were calculated for
validation purposes. A paired t-test showed that
expected value of the residuals were not signifi-
cantly different from zero(p-value=0.9938). The
absolute residual mean differences as a magnitude
of error index showed 1.46 meter.

Substitution of the nonlinear regression coeffi-
cients into equation (1) gave this equation

H=725.00523(1 — exp(—0.093684)) &% ...... ©

Using procedures described by Clutter et al.
(1983), equation (2) is a guide curve, which can
be used to develop anamorphic site index equa-
tion to estimate site index for any index age.

_ p{ 1—exp(—0.0936814) \ ¥
Su=H(-T=an =5 t02504) ) @

where S is site index (m) for index age (IA).
For an index age 25 yrs, the above equation
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Table 2. Differences between observed and predxcted loblolly pme stand heights by age dasses

Age Avg. diff. Difference in meter(()bqerved “Predicted Height) All
(vr) (m) < .5 -4 3 2 11 2 3 4 =5
.................................... (no. of ObSErVaAtions): -« eerememrresrees
1-2 0.11 26 23 1 50
3-4 -0.13 23 56 57 12 148
5-6 0.14 1 11 21 28 60 29 9 1 160
7-8 -0.14 1 7 19 32 37 58 23 10 7 194
9-10 0.03 5 7 12 35 A7 55 30 20 10 1 222
11 -12 0.21 7 5 20 20 48 36 25 29 13 7 210
13-14 -0.07 13 7 16 40 A7 34 25 32 7 9 230
15-16 -0.03 8 9 12 26 55 18 25 11 12 9 185
17 - 18 -0.27 8 5 10 10 39 19 8] 7 8 4 119
19 - 20 0.27 6 2 4 13 14 19 H 8 5 7 83
21-22 -0.33 3 2 9 3 2 3 1 44
23 - 24 0.49 2 3 10 b 3 3 3 44
25-26 -0.20 1 1 ! 1 1 2 1 1 18
27-30 -0.60 I R o 7»67
All -0.52 52 48 108 7399 194 7771373/“ 0o 42 1.713
0 H= S LmeR(20.000684) ) R )
29 27 - 0.90384
::: Site index curves generated from equation (4) and
26 24 'g Hlustrated in Fig. 1 for loblolly pine plantations
Z: ; ranging in age from 1 to about 30 vears old.
2 21 & .
2] % 2. Slash pine
:;: g The nonlinear regression was used to fit equa-
19 18 2 tion (1) to the 764 age-height pairs using the
g ij: E PROC NLIN procedure in SAS(SAS Institute
v 16 1s B Inc., 1989).
E 157 ‘ Multiple starting values for parameters were
g ;1: 12 provided to ensure that the nonlinear least square
E 12 solution was a global minimum rather than a
1 local minimum.
12: Resulting parameter estimates and asymptotic
8- standard error are :
a = 36.87791 with S(B)=3.85436. 6,=0.04731
i: with S(55)=0.00829, and 5.,=0.23028 with S
o (53 =0.04550.
;" None of the asvmptotic 95% confidence inter-
0 5 10 15 0 25 30 35 aw  vals for each of the parameter estimates contained
PLANTATION AGE{YEARS)

Fig. 1. Site index curves(base age 25 yrs) for un-
thinned loblolly pine plantation stands.

(3) can be algebraically rearranged as :

zero, thus the conclusion was reached that the
The model

of the wvariation in the

equation parameters are significant.
explained about &9.2%
average value of height. A plotting of residuals

against predicted and independent variables indi-
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cated that a random pattern around zero with no
detectable trends.

Substitution of the coefficients into equation(l)
resulted in :

H=36.87791(1 — exp( —0.047314)) ™" - (5)
To evaluate equation (5), the differences between
observed and predicted height values by age
classes are listed in Table 3.

A paired t-test showed that expected value of
the residuals were not significantly different from
zero(p-value==0.9837). The absolute residual mean
differences showed 1.25 meter. Plots of residuals
versus age as well as predicted height revealed
no noticeable trends.

Using the same procedures described by Clutter
et al.(1983), equation (5) was converted into ana-

morphic site index equation to estimate site index

for index age=25 vears as -
. ~0.6935 I ;
S5~ H{ = G20t )mw) ©

Above equation (6) can be algebraically rear~
ranged to draw site index curves.

120914

) .........

1—exp(—0.04731A)
0. 69337

H

S
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Site index curves generated from equation (7)
are shown in Fig. 2 for slash pme plantations

27

24

21

18

SITE INDEX FOR INDEX AGE 25 (mster)

15

12

STAND HEIGHT - (meter)

15 20 25 N

PLANTATION AGE - (YEARS)

30

Fig. 2. Site index curves(base age 25 yrs) for
unthinned slash pine plantation stands.

Table 3 Differences bet\kean observed and predmted slash pmc stand heights by dge d.x%ses

Age Avg. diff. .

(yr) (m) 5 1 -3 2
1-2 0.01 3
3-4 -0.09 1 13
56 -0.11 4 2 6
7-8 ().04 3 2 1 15
9-10 0.07 3 1 7
11 12 0.09 ] 1 11
1414 0.14 1 3 12
15 - 16 -0.29 6 6 6
17 18 0.30 2 1 3 8
19 20 -(.68 4 1 1 2
21 - 22 -0.42 2 1 3
23 - 24 0.72 1 I
25 - 27 -0.68 2 1
All ~0.90 W W8

(no.

T)lfferenae m meter(( )b%erved F’rtdmted He]ght)

-~ Al
112 3 4 5
()f ObSerVatl()llS) ..............................
M7 3
3w T 52
% 80T 86
9 29 9 4 2 9
SN TE E R 1 86
0020 w9 4 112
2o ow 9 96
%16 155 1 80
26 1522 62
6 4 6 2 2
36 3 11 20
22 (I 8
1 2 Lo 8
200 211 M6 3B 125 764
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Fig. 3. Magnitudes of absolute mean deviation of
site index values for both species.

ranging in age from 1 to about 27 years old.

3. Evaluations

To illustrate the sensitivity of estimating site
index, each cumulative measurement cycle data
sets and all combined data sets were used to
Fig.
magnitude of absolute mean deviation of site

recalculate site index values. 3 showed
index values over ages for hoth species.

For plantation ages less than 5 wvears, the
expected height at an index age is very sensitive
for both species based on absolute mean differ-

ence of site index values.

SUMMARY

Height growth function have been developed to
predict the height of the dominant trees in lob-
lolly and slash pine plantations. Guide curve was
transformed into an anamorphic site index equa-
tion. The resulting site index equation can provide

gt Pkt Ao L el avkFpke] bkl o ¥ il mhiR H#EEo) BRY MR

an indication of the productivity of the site based
on plantation ages. However, for plantation ages
less than 5 years, the expected height at an index
age of 25 years is very sensitive to the voung
trees for both species based on the evaluation
test. In spite of the some limitations(Avery and
Burkhart,
because it provides a simple numerical value that

1994), site index is very useful tool

can be easily measured and understood by forest-

ers.
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