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STAND STRUCTURE ANO YIELD 
OF 

LOBLOLLV PINE PLANTATIONS IN EAST TEXAS, 
UPDATE: 1 98 7 

by 

J . David Lenhart 
Pr ofessor, Scllm! of Forestry, SFASU 

ABSTRACT. An updated diameter distribution yield prediction system is 

presented for loblolly pine ( Pinus taeda L. ) plantations on non-old-fields 

in East Texas. The new revised system was developed using data from 

initia l measurement ( 1982-84) and f irst remeasurement ( 1985-87) of the 

East Texas Pine Plan tat ion Research Project permanent plots. 
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INTRODUCTION 

With the completion of the f1rst remeasurement cycle of the 

East Texas Pine Plantat1on Research Project (ETPPRP), It was possible to 

combine remeasured data with init ial data and compute updated versions 

of several components of the Job lolly pine diameter distribution yield 

prediction system presented in ETPPRP Report No. 11 (Lenhart 1986). 

Th1s report presents an updated procedure to estimate the 

stand structure and yield for lob lolly pine plantations in East Texas. 

Some of the material in this report has been subm1t ted to the 

Southern Journal of Appl led Forestry for consideration for possible 

Publication 
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PERMANENT PLOT MEASUREMENTS 

A total or 173 ETPPRP permanent plots are located in loblolly 

pine plantations in 24 counties throughout East Texas. Each plot consists 

of two subplots--one for model development and the other for model 

evaluation. lnitlal measurement of planted pines within each plot 

occurred during installation 1982-84, and first remeasurement of the 

planted pines was completed 1985-87. Data from both points 1n t1me were 

available for analysis. 

Observed stand parameters available for stand structure 

analysis were: 

1. Number of completed grow ing seasons (A). 

2. Average height of the ten tallest trees (H). 

3. Surviving number of trees per acre (T). 

4. Surviving number of trees per acre by one-inch diameter 

classes (n). 

5. Minimum diameter (DMIN). 

6. Arithmeti c mean diameter (DMEAN) 

7. Quadratic n1ean diameter (DQMEAN). 

8. Maximum diameter (DMAX)_ 

In addition, site index (base age= 25 years) (5) values were calculated 

Using equat ions developed by Lenhart et al. ( 1986). 
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An exploratory analysis of fitting the Weibull distribution to 

the data indicated that for successful fitt ing, at least three of the 

observed diameter classes had to be occupied with trees. If only one or 

two diameter classes had trees (usually plots less than 3 or 4 years old), 

the fitting routine would fail to find a solution. As a result, the number of 

lob lolly pine observations was reduced from 346 to 234. 

On the average, the observations represent plantations that are 

young (9 years ) and on productive sites (SI =75 feet), where the surviving 

number of trees per acre (465- 474) indicates about 90-100 square fee t of 

growing space per tree, Table 1 . 



Table 1. Descriptive statistics of lob lolly pine plantation 
observations by subplot type. 

Ty[!e of SubQlot 
Stand Parameter Development Evaluation 

Af!J (yrs) 
Mean 8.8 8.8 
Ranf!J 3-19 3-19 

Height (ft) 
Mean 29.6 29.4 
Ranf!J 8-74 10-71 

Site ln~x25 (ft) 
Mean 75.2 75.4 
Ranf!J 29-129 31-127 

Surviving Trees per Acre 
Mean 464.6 474.0 
Ran~ 104-957 153-936 

Min. Diameter (in.) 
Mean 1.08 1.08 
Range 0-4.5 0-3.9 

Arith. Mean Diameter (in.) 
Mean 3.92 3.89 
Range 0.35-8.90 0.55- 8.07 

QufMJ. Mean Diameter ( 1n.) 
Mean 4.08 4.04 
Range 0.55-9.02 0.80- 8.28 

Max. Diameter (in.) 
Mean 6.37 6.27 
Range 2.1-12.5 2.0-12.9 

Tot. Stem WcxxJ & Bark n3 
Mean 719.0 714.0 
Range 1-3730 1-3809 

5 
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PREDICTING STAND STRUCTURE AND YI ELD 

Several Weibul l probabi l i ty distribution parameter recovery 

procedures, Which use stand level diameter values, have been developed 

(Burk and Burkhart 1984, Matney et al. 1987). The recovery procedure by 

Burk and Burkhart was used for these data. Location, shape and scale 

parameters for the Weibull distribut1on are obta1ned from est1mates of 

minimum diameter, arithmetic mean diameter and quadratic mean 

diameter based on stand level values, such as age, height and trees per 

acre. 

For loblolly pine plantations in East Texas, the rev ised and updated 

diameter distribution yield prediction method is: 

1. Determine plantation age (number of growing seasons completed), 

number of surviving trees per acre at that age and average total height 

of the ten tallest trees in the plantation. If height is unknown, but 

site index is known, then estimate height as (Lenhart et al.1986): 

H=S(( 1-EXP(-0.08005275A))/0.864843) 1.628S6Y ( l) 

2. Predict stand level diameter values as: 

DMIN = -0.0983 + 0.0593H - 0.0012T (2) 

R2 = 73% SEE = 0.4969 

I f OM IN < 0, OM IN = 0. 



OQMEAN - EXP(2.6753 - 28.5809/H - 0.0005T) (3) 

SEE= 0. 1150 

DMEAN = -O. 1214 + 0.9920DOMEAN (4) 

r2 = 99.9% SEE= 0.0596 

3. Recover the Weibull parameters and compute the number of trees per 

acre by diameter class as: 

a. Weibull location parameter (a) is equal to DMIN. 

b. We1bul l shape parameter (c) is computed by insert tng 

DQMEAN, DMEAN and (a) in the equation: 

DQMEAN2 - a2 - 2a(OMEAN-a) - (OMEAN-a)2 

< 1 +2/c)/( I< I+ 1 /c))2 = o (5) 

where: r = the complete gamma f~nction. 

and solving for Cc) using iterative procedures. 

c. Weibull scale parameter (b) is calculated using: 

b = (Of"1EAN-a)/ l ( l + l / c) (6) 

The proportion (P) of T occurr ing between lower diameter bound (d1) 

and upper diameter bound (du) in each diameter class is found as: 

7 



For P of each diameter class, multiply by T to estimate the expected 

number of trees per acre in the diameter class. 

8 

4. Predict the total height (h) of each tree with diameter class mid-point 

(d) as <Dixon 1987): 

h = EXP(ln(H) + 0.009993 + (ln(d) - lnCDMAX))(O.O 18957 

+ 0.080091 Jn(A) 

+ 0. 1 l 46791n(H/ A) 

+ 0.0145141n(T))) 

This equation updates earlier work by Blackard ( 1985). 

5. Estimate the content of an individual tree representing the 

(8) 

mid-point of each diameter class. Equations for predict ing the cubic 

feet, green weight and dry weight in pounds for planted loblolly and 

slash pines in East Texas have been developed by Lenhart et al. ( 1987). 

6. Multiply the individual tree content for each diameter class by the 

expected number of trees per acre for that diameter class to obtain 

yield per acre. By summing across all diameter c lasses, the total yield 

Per acre is calculated. By selectively summing across specified 

diameter classes, per acre yields can be determined for different 

Products (pulp, lumber, p Jywood, etc.). 
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EVALUATION 

The evaluation subplots, which are separated from development 

subplots by a 60-foot w1de buffer zone, provided an opportunity to analyze 

the accuracy of the diameter distribution yield prediction system. After 

the diameter distribution yield prediction system was utilized to 

calculate the predicted cubic feet of wood and bark per acre in the tota l 

stem for each evaluation subplot, the estimated yields were compared to 

the observed actual yields. On the average, the system underpred1cted 

volumes by 5.3%. Plottings of percent differences against stand level 

values indicated no adverse trends. 
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