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SUMMARY

An equation system is developed to estimate current volume, projected basal area, and
projected volume for merchantable even-aged stands of shortleaf pine in the West Gulf
region. The estimates indicate the expected volumes from the woods-run conditions en-
countered in practice.
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Growth and Yield of Shortleaf Pine in the West Gulf Region
Paul A. Murphy and Roy C. Beltz

INTRODUCTION

Shortleaf pine (Pinus echinata Mill.) with the widest
range of any of the major southern pines, occurs in
22 states and is distributed over more than 440,000
square miles (U.S. Forest Service 1965). Nearly half
of the entire shortleaf resource is located west of the
Mississippi River (Sternitzke and Nelson 1970).

The most recent state-by-state field inventories con-
ducted by the Forest Service during the nationwide
survey report the standing volume of southern pine
on commercial forest land! west of the Mississippi
at 24 billion cubic feet (table 1), designating some
9 billion as shortleaf pine (table 2). With heaviest
concentration in the Ouachita Mountains, shortleaf
pine is the only conifer, except scattered juniper, found
naturally above 700 feet elevation in Arkansas, Missouri,
and Oklahoma (Mattoon 1915).

Although recognized as a valuable resource well-
adapted to intensive management, natural even-aged
stands of shortleaf pine in its western range are not
adequately documented concerning growth and yield.
Yields for normally stocked stands were reported (U.S.
Forest Service 1976, Rev. 1929 ed.) based upon 188
plots located in the 12 southern states, and Turner
(1937) later used the results to determine timber growth
of several Arkansas soils. Schumacher and Coile (1960)
reported yields for well stocked stands from 74 plots
in the Piedmont of North Carolina. Brinkman, Rogers,
and Gingrich (1965) investigated the 10-year growth
and yield of a 30-year old natural shortleaf pine stand,
thinned to different densities, in southeastern Missouri.
Sander and Rogers (1979) later offered 21-year results
from the same study.

Existing information has several limitations in appli-
cation to the West Gulf. Misc. Publ. 50 (U.S. Forest
Service 1976, Rev. 1929 ed.) was based on temporary
plots and the volumes are for normally stocked stands.
Schumacher and Coile (1960), based on temporary plot
data from another region, give yields for only well
stocked conditions. The Missouri study, though based
on remeasurement plots, is limited geographically and
to one site and initial age.

1Forest land that is producing or capable of producing crops
of industrial wood and not withdrawn from timber utilization.

The relationships presented here have been observed
on inventory plots located throughout the main com-
mercial range of shortleaf in the West Gulf. Inventory
data have much more unexplained variation than do
data from controlled studies, and variables tend to be
clustered rather than dispersed throughout their range
of possible values. This type of information, however,
has the advantage of depicting actual conditions con-
fronting forest managers.

DATA

The data cited here are from statewide surveys
conducted about every 10 years by the Forest Service.
Sample plots are located at the intersections of a
3-mile-square grid. At forested plots, information was
collected according to standardized procedures? on
10-point samples systematically spaced 66 feet apart
over about 1 acre.

Plots within the West Gulf Region were screened
according to the following criteria: (1) at least half of
the basal area in trees 5 inches and larger in the initial
survey to be shortleaf pine; (2) all ten points recovered
in the remeasurement tally; (3) site index information
gathered from shortleaf sample trees; (4) the plots
free of catastrophic mortality; (5) the stands even-aged
and natural in origin; and (6) plots undisturbed by
logging or other activity between measurements. Dates
of the surveys are Arkansas, 1969 and 1978; Louisiana,

Table 1.— Volume of southern pine growing stock on commercial
forest land west of the Mississippi River, by state

State Date of survey Growing stock
million cubic feet

Arkansas 1978 8,168.0
Louisianal 1974 6,779.4
Missouri 1972 305.0
Oklahoma 1976 1,002.4
Texas 1975 8,075.2

All states 24,330.0

1Excludes southeast Louisiana parishes.

2Renewable Resources Evaluation Staff. Forest resourcesinven-
tory work plan. Suppl., For. Serv. Handb. 4809.11, 83 p. U.S.
Dep. Agric. For. Serv., South. For. Exp. Stn., New Orleans, La.
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1964 and 1974; east Oklahoma, 1966 and 1976; and east
Texas, 1965 and 1975.

The 153 plots meeting the screening criteria are
geographically charted in figure 1. As expected, their
locations tend to follow the distribution of the resource.
The numbers of plots by age, site, and density at the
first measurement are shown in table 3. Average basal
area at initial measurement was 51 square feet per
acre; average stand age, 39 years; and site index,
67 feet (base age 50 years). Basal area ranged from
11 to 127 square feet, site index varied from 44 to
101 feet, and stand age went from 14 to 81 years.
Average basal area of softwood species other than
shortleaf pine was 1 square foot. Hardwood basal area
averaged 14 square feet per acre for the study plots.
The breakdown by classes is shown in table 4.

The 4-state West Gulf region can be divided into
two broad physiographic regions—the Coastal Plain
and the Interior Highlands (figure 1). Louisiana and
east Texas lie in the Coastal Plain, while east Oklahoma
is in the Highlands. Arkansas is bisected diagonally
by the line that divides the State into the two regions.

Table 2. — Volume of shortleaf pine growing stock on commercial
forest land west of the Mississippi River, by state

State Date of survey Growing stock
million cubic feet

Arkansas 1978 4,089.7
Louisianal 1974 1,138.0
Missouri 1972 305.0
Oklahoma 1976 938.7
Texas 1975 2,539.1

All states 9,010.5

1Excludes southeast Louisiana parishes.

Site quality is lower in the Highland region. Three-fifths
of the 153 plots fall in the Highland region, and their
average site index is 62 feet. The average for the
Coastal Plain plots is 81, a differential of 19 feet.
Merchantable cubic foot volumes of 3,861 shortleaf
pine trees, 5 inches dbh and larger, were calculated from
upper stem measurements taken during remeasure-
ment surveys. The following volume equation was
fitted to these data using weighted least squares.

Y=ﬁ0+ﬁlD2H1

Table 3. — Plot distribution by age, site index, and shortleaf pine basal area at initial measurement

L Basal area per acre All basal
Age Site index
<20 21-40 41-60 61-80 80+ areas
years feet el square feet----------ececmaracae e
<30 <60 3 5 1 e 9
61-70 3 7 L 1 11
71-80 1 3 4 2 2 12
80+ 1 5 8 3 1 18
Total 8 20 13 6 3 50
31-40 <60 1 4 3 L 1 9
61-70 1 4 7 6 2 20
71-80 1 2 1 4
80+ A 1 3 1 7
Total 2 10 15 8 40
41-50 © <60 . 1 3 5 1 10
61-70 L. 2 4 5 3 14
71-80 2 1 1 4
80+ - A . Ce .. .
Total o - 3 9 11 5 28
50+ <60 3 7 5 4 19
61-70 7 3 3 13
71-80 . 1 o 2 3
80+ - R . L
Total 3 7 13 7 5 35
All ages <60 7 17 12 9 2 47
61-70 4 13 18 15 8 58
71-80 1 4 9 4 5 23
80+ 1 6 11 4 3 25
Total 13 40 50 32 18 153




Table 4. — Average hardwood basal area per-acre by shortleaf pine basal area, site index, and age

All basal

. Basal area per acre
Age Site index
<20 21-40 41-60 61-80 80+ areas
years feet ek squarefeet-------ceceememmen e
<30 <60 10 15 11 6 o 13
. 61-70 6 6 15 7
71-80 11 5 14 4 4 8
80+ 0 8 11 0 38 9
All sites 8 8 12 4 15 9
31-40 <60 4 11 10 e 4 9
61-70 0 10 20 17 21 16
71-80 . 17 17 4 S 12
80+ . 8 24 8 8 14
Allsites 2 10 is 14 12 14
41-50 <60 . 22 12 12 0 12
61-70 o 26 6 22 21 18
71-80 10 8 30 14
80+ .. . o .
Allsites - 25 9 16 19 15
50+ <60 8 15 12 22 o 14
61-70 24 15 21 21
71-80 38 o 36 36
80+ o . . o
Allsites 8 15 20 19 27 19
All ages <60 8 15 12 16 2 13
61-70 5 10 18 18 21 16
71-80 11 7 16 5 22 14
80+ o 8 15 2 18 11
All sites 7 11 15 14 19 14
where: marized according to procedures recommended by
Y =cubic foot volume, inside bark, from a 1-foot Beers and Miller (1964) for permanent point samples.
stump to a 4-inch diameter, outside bark, :
D =diameter breast height, outside bark, in
inches, '
H =merchantable height in feet from the stump MODEL DEVELOPMENT
to a 4-inch top, outside bark, :
Bi =coefficients to be estimated, A system of three equations for predicting pro-

1/D?H =weighting factor.
The resulting equation was:

(1) Y=.002701D2H +.20438, R2=.976.

The following variables were calculated for each plot:
(1) shortleaf site index from equations developed by
Farrar (1975); (2) stand age at first and second
measurements; (3) basal area in square feet per acre of
shortleaf pine trees 5 inches dbh and larger at the first
measurement and the basal area of these same trees at
remeasurement; and (4) solid wood volume from a 1-foot -
stump to a 4-inch top, outside bark, of trees included
in the basal area calculations at both measurements.
Individual tree volumes at both measurements were
calculated using equation (1). The data were sum-

jected basal area, current volume, and projected
volume —previously applied to loblolly pine (Murphy
and Sternitzke 1979)—was used here. It is:

(2) E[ln(B,)1=In(B))A;/ Az +a;(1—A/Ap) +
ay(1—Ay/Ay)In(B;) +as(1—Ay/
Ay) (ln(B1))2
(3) E[In(V,)]=B¢+B:S+Bo/A, 1 B3n(B,),
(4) E[In(V,)]=8,+B,S +B2/AgtBsln(By),
where:

A; =stand age, in years at the ith occasion,

B; =basal area in square feet per acre of short-
leaf pine trees 5 inches dbh and larger, at the
ith occasion,

S =site index in feet at base age 50,
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Figure 1.— Geographical distribution of shortleaf pine sample plots in Arkansas, Louisiana, east Oklahoma, and east Texas.




Table 5. — Estimates of model coefficients and their standard errors

Parameter Estimate Standard error
ay 1.16693 1.16740
ag 1.64705 0.65080
ag —0.16381 0.08961
Bo 2.32977 0.10413
B 0.01242 0.00922
Bs —25.81221 1.10000
B3 1.11906 0.02458

V; =cubic foot volume (inside bark) per acre of

shortleaf pine trees 5 inches dbh and larger -

from a 1-foot stump height to a 4-inch top
diameter, outside bark, at the ith occasion,
a;,f;=parameters to be estimated.

The symbol E(...) denotes expected value of the
quantity within the parentheses, and In is the logarithm
to the base e. Equation (2) is used to determine In(B,),
which then is used as an independent variable in
equation (4). The equations were fitted using three-
stage least squares (SAS Institute 1979). Detailsabout
using three-stage least squares for estimation of timber
growth and yield equation systems may be found in
Murphy and Sternitzke (1979).

The parameter estimates and their standard errors
are shown in table 5. The stand volume equations
accounted for 96 and 98 percent of the variation about
mean cubic-foot volumes for current V, and projected
V, stand volumes, respectively. The basal area equa-
tion explained 99 percent of the variation about mean
projected basal area B,. Table 6 provides additional
information on the predictive performance of the equa-
tion system. The mean differences indicate that current
volumes are overestimated and projected volumes and
basal areas are slightly underestimated. The root mean

Table 6. — Evaluation of model predictions

square errors penalize large deviations from observed
values. The percent mean difference and percent root
mean square error depict deviations as a proportion
of observed values.

APPLICATION

The use of the equations to determine volumes is
straight-forward. Projected basal area can be deter-
mined by:

(5) B,=exp[In(B;)A;/A,+1.16693(1—A,/Ay)

+1.64705(1— A,/A,)In(B,)—0.16381
(1—A/A,)(In(B,) )],

where exp [ ...] denotes that e is raised to the power
within the brackets.

Current and projected volumes may be calculated by:

(6) V;=exp(2.32977 +0.01242S — 25.81221/A;

+1.119061n(B;)).
As an example, suppose estimates of current volume
and projected volume and basal area in 10 years are
wanted for a natural shortleaf pine stand 30 years old,
having a site index of 65 feet and a basal area of
70 square feet per acre. The current yield is:
V;=exp (2.32977 + 0.01242(65) — 25.81221/30 +
1.119061n(70)),
=1131 cubic feet.
Projected basal area is:
B,=exp|[In(70)30/40 + 1.16693(1 — 30/40) + 1.64705
(1—30/40)In(70)—0.16381(1—30/40)(In(70))?],
=89 square feet.
Projected cubic foot volume is:
Vy=exp (2.32977 + 0.01242 (65) — 25.81221/40 +
1.119061n(89)),
=1835 cubic feet.
The periodic annual increment for basal area in this
example is 1.9 square feet, and the periodic annual

Equati Observed Criterion
quation mean value D RMSE? Dos RMSE%*
---------------- cubicfeet---------------- -------percent-------
Current volume, V, 923 59 213 8 24
Projected volume, V, 1,507 -13 222 1 15
---------------- square feet---------------
Basal area, B, 66.3 -1.1 6.3 -1 10

1Mean difference ﬁ=% Z ( {(i—“Yi),

2Root mean square error RSME = \/ili > \}i—Yi)z,

- \?‘—Y)
3 : =1 i
Percent mean difference D% 5 5 ( Y X 100,

1
Yi =1 —Y:2
4Percent root mean square error RMSE% = 3 Y. X100,
1

where n=number of observations, Y;=actual value, and W}'i= predicted value.




volume increment is 70 feet.

Solutions for current volumes, given basal areas 60,
70, and 80 square feet per acre and site index 70,
are in figure 2. Projected basal areas for these starting
basal area levels at age 30 are shown in figure 3, and
the associated cubic volume development for the same
stands is depicted in figure 4.

Equations (5) and (6) or tables 7-14 in the appendix
can be used to indicate expected yields under different
thinning regimes. Suppose a 20-year-old shortleaf stand
with 100 square feet of basal area occurs on land with
a site index of 80 feet. Two management alternatives
are being considered —(1) thin to 80 square feet at
age 20 and every 10 years thereafter until age 50, when
the stand is clearcut, or (2) thin back to 80 square feet
at age 20 and make no further intermediate cuts during
the 50-year rotation. What might be the yields under
these two alternatives?

The current volume of a 20-year old stand with 100
square feet of basal area and site index 80 is reported
in appendix table 14. The volume of this stand is
1,321 cubic feet. To find the volume of the stand
after being cut back to 80 square feet, consult table 12,
which gives volumes and basal areas for stands with
a current density of 80 square feet. That volume is
1,029 cubic feet. The cut is 1,321—1,029 or 292 cubic
feet. Still using table 12, the projected volume at age 30
of a residual stand of 80 square feet at age 20 is
2,178 cubic feet. The volume after cut at age 30 with
basal area of 80 square feet is 1,582 cubic feet, and
the cut is 2,178—1,582 or 596 cubic feet. The before-
and after-cut volumes and the harvest volumes for ages
40 and 50 can be found in like manner. The standing
volume at age 50 is 2,704 cubic feet according to
table 12. At this time the entire stand is harvested.

3,000
INITIAL
BASAL AREA
80
2,000F
70

60

1,000 /—

o 1 }
30 40 50 60

STAND AGE (YEARS)

MERCHANTABLE VOLUME (CUBIC FEET)

Figure 2. — Relationship of current yield to basal area and age for
natural even-aged shortleaf pine stands in the West
Gulf, site index 70.
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Figure 3. — Relations hip of projected basal area to age and initial
basal area at age 30 for natural even-aged shortleaf
pine stands in the West Gulf.

Given these stand volumes and cuts, the following
tabulation can be constructed.

Age Before cut After cut Yield
years- = eeee-cccmaaa--- cubicfeet-----ecmmuune--
20 1,321 1,029 292
30 2,178 1,582 596
40 2,494 1,962 532
50 2,704 0 2,704
Total 4,124

The total yield production for this alternative is 4,124
cubic feet.

The after-cut basal area for the second alternative
is the same at age 20, 80 square feet with the identical
cut volume. Only one additional item of information is
required to find the total yield —the projected volume
of the stand at age 50 years, given a basal area of
80 square feet at age 20. In table 12, that volume
is listed as 3,969 cubic feet. The total yield would
be 3,969+292 or 4,261 cubic feet. Hence, the manage-
ment alternative of thinning every 10 years yields
slightly less merchantable cubic foot volume than
no thinning beyond age 20. No inferences should be
made from this example regarding either cubic volume
production for other merchantability standards or
board foot yields. The underlying assumption in calcu-
lating all these yields is that a stand of a given age
and site cut back to a residual density will have the
same volume and behave in a manner similar to an
unthinned stand of the same density:.

Another potential application of the equations is to
find volume differentials existing between different
areas. For example, it was previously stated that the
site index for the Coastal Plain plots used in this
study was 81 feet versus 62 feet for those in the Interior
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Figure 4. — Relationship of projected volume to age and initial
basal area at age 30 for natural even-aged shortleaf
pine stands in the West Gulf, site index 70.

Highlands. If these averages are indicative of the site
differences between these regions, the stand volume
equation can be used to calculate the difference in
volume production expected for stands of similar ages
and densities on average sites for the two regions.
The difference can be calculated as a ratio Vg/Vy,
where V¢ is the volume for the average site on the
Coastal Plain and Vy is the volume for the average site
in the Highlands.
It is:

Vo/Viz=expl 2.32977 + 0.01242(81)— 25.81221/ A

+ 1.11906In(B) —2.32977 —0.01242(62) +
25.81221/A—1.11906In(B) 1,
=exp(0.01242(81—62)],
=1.27.

The expected yield for an average site in the Coastal
Plain is 27 percent greater than the average site in
the Highlands for stands identical in age and density.

The user should be aware that predictions are better
for stands that fall within the range of the sample data
(table 3). Predictions outside this range can be made,
provided that the estimates are treated with caution
and judged by the experience of the user. Projections
of 10 years can be approached with the greatest con-
fidence, since this was the average remeasurement
period for the plots used in this study. Although
projected basal areas and volumes look realistic and
reasonable for long-term projections, they should be
used with the awareness that the estimates will be less
reliable as the length of the projection period increases.

The volume and density increases measured in this
study involve only shortleaf trees that were 5 inches
and greater at the first measurement. That ingrowth
is not included should be considered when using these
models, particularly for younger age classes where
ingrowth can be significant.

The examples of potential applications are not ex-
haustive. The tables and equations should provide
helpful guides to forest managers who are faced with
making decisions for forests paralleling woods-run
stands represented by this study.
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Appendix

Table 7.~-Current and orojected merchantable cubic~foot volumes and projected
basnl area per acre for natural even-—aged stands of shortleaf pine in
the Weet Gulf, initial basal area~-- 30 square feet,
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(Cubic feet)

20 20 237 268 303 343 389 440 30
30 630 743 808 945 1036 ii72 49

40 1028 1164 1348 1493 1690 1943 63

. 50 1380 1562 1769 2002 2267 2567 73
60 1678 i%00 21514 2436 2758 3123 80

70 1930 2185 2474 280¢ 3172 3592 86

80 2144 2427 2748 3iiz 3523 3989 94

30 30 364 442 466 528 598 677 30
40 6814 7714 873 289 1449 1267 43

50 g92 1423 iaza 1440 1634 1846 5S4

60 127% 1444 163% 1851 209% 2373 63

70 152% 1727 1955 2214 2507 2838 70

80 1745 1975 2237 2532 2867 3246 7%

40 40 454 5414 578 65% 7414 839 30
50 714 808 945 1036 1473 1328 40

60 769 1097 1242 1406 ise2 1803 49
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70 70 595 673 762 863 977 1407 30
80 765 867 284 ii14d 1258 1424 36

a0 80 623 705 798 704 1024 1159 30
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Table

8.~-~Current and bpro jected merchantable cubic-foot volumes and pro jected

basal area per acre for natural even-aged stands of shortleaf pine in

the West Gulf,

initial basal area-- 40 square feet.
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Table 9.--Current and pro jected merchantable cubic-foot volumes and projeqted
basal area per acre for natural even—aged stands of shortleaf pine in

the West Gulf, initial basal area-- %58 square feet,
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Table 40,~-Current and oro jected merchantable cubic~foot volumes and pro jected
basal area per acre for natural even-aged stands of shortleaf pine in
the West Gulf, initial basal area—-- 60 square feet,
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Table 14 .--Current and orojected merchantable cubic-foot volumes and projected
basal area per acre for natural even—-aged stands of shortleaf pine in

the West Guls,

initial basal area-—- 70 square feet.
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Table i2.--Current and orojected merchantable cubic~foot volumes and projected
basal area per acre for natural even-—aged stands of shortleaf pine in

the West Gulf,

initial basal area~— 80 square feet,
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Table 13.--Current and orojected merchantable cubic—foot volumes and proe jected
basal area per acre for natural even-aqed stands of shortleaf pine in

the West Gulf,

initial basal area~- 920 savare feet.
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Table 14.-~Current and projected merchantable cubic—foot volumes and projected
basal area per acre for natural even-aged stands of shortleaf pine in

the West Gulf,

initial basal area~--100 sauvare feet,
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An equation system is developed to estimate current volume,
projected basal area, and projected volume for merchantable
even-aged stands of shortleaf pine in the West Gulf region.
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