
46 FOREST MEASUREMENTS AND MODELING

Citation for proceedings: Bragg, Don C.; Koerth, Nancy E.; Holley, A. Gordon, eds. 2020. Proceedings of the 20th Biennial Southern 
Silvicultural Research Conference. e–Gen. Tech. Rep. SRS–253. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern 
Research Station. 338 p.

ECONOMIC IMPACTS OF PROJECTING HORIZONTAL ANGLES 
TO THE WRONG HEIGHT WHEN CONDUCTING POINT SAMPLING 

IN LONGLEAF PINE PLANTATIONS

Curtis L. VanderSchaaf

Abstract—Point-sampling selects sample trees by projecting horizontal angles. In many inventories, angles 
are to be projected to where diameter at breast height (d.b.h.) is measured (4.5 feet above the ground), but due 
to user error, angles are often projected to diameters at other heights. Thus, errors are made as to which trees 
should be sampled, probabilities of sampling individual trees are incorrect, and the basal area estimate does not 
truly correspond to d.b.h. The objective of this paper is to determine the potential economic impacts of projecting 
angles at heights other than d.b.h. when d.b.h. is the desired height. Projections at age 15 years for 200 surviving 
trees per acre on a low quality site (site index 50 feet at base age 25) and for 400 and 700 trees per acre on a 
higher quality site (site index 70 feet at base age 25) were examined. On all three sites, two ages (20 and 30) were 
used to establish virtual plantations and sampling was conducted using 10 and 20 basal area factor prisms by 
projecting horizontal angles to four heights: 4.5 feet, 5.0 feet, 5.5 feet, and 6.0 feet. A taper equation was used to 
estimate changes in diameter along the stem. For the stand conditions examined, incorrectly projecting angles to 
heights other than d.b.h. reduced timber appraisals by as much as 7.4 percent and up to $170 per acre. Across 
many acres and stands, this type of nonsampling error can result in serious errors in valuing stumpage.

INTRODUCTION
Horizontal point-sampling, often referred to as variable 
radius sampling, is commonly used to determine 
the amount of woody product and economic value 
of stands. The approach samples trees based on 
projecting horizontal angles. A tree is sampled whenever 
the cross-sectional area of a tree stem is larger than 
the projected angle. Rather than establishing actual 
angles in the field, instruments (such as prisms and 
angle-bars) are used that in effect project angles when 
viewing stem cross-sectional areas. More complete 
descriptions of horizontal point-sampling can be found 
in Shiver and Borders (1996), Iles (2003), and Avery and 
Burkhart (2002).

When projecting horizontal angles, common errors 
include not holding a prism over the sample point 
(the vertex of angles are located within the prism) and 
projecting horizontal angles along slopes. Another 
common mistake is to view the cross-sectional area 
of tree stems at heights other than that desired (fig. 1). 
In most horizontal point-sampling inventory protocols, 
tree stems are to be viewed where diameter at breast 
height (d.b.h.) is measured, or 4.5 feet above the ground. 
However, because of user error, often stems are sampled 
at heights other than the desired d.b.h. Projecting 
horizontal angles to heights other than breast height is a 
valid sampling procedure. For example, in some cases 
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Figure 1—When viewing through a prism 
at 4.5 feet the tree is exactly borderline 
and would be sampled, but due to taper 
of the stem, at 6.0 feet the tree would 
be considered “out” and would not be 
sampled. If viewed at 6.0 feet, when 4.5 
feet was desired, the tree would incorrectly 
be excluded from the sample.
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angles are projected to 17.3 feet above the ground in the 
Western United States to account for thick understory 
vegetation (Husch and others 1982: 255; Iles 2003: 547, 
548). The basal area per acre estimate obtained at a 
height of 17.3 feet is a legitimate estimate of basal area 
per acre, but it is not an estimate of basal area per acre 
at breast height. 

One should be concerned about projecting angles to 
heights other than breast height when breast height is 
desired because:

1. As already mentioned, one cannot claim that the 
basal area per acre estimate is an estimate of basal 
area at breast height.

2. Viewing different tree stems within the same 
inventory at various heights will produce inconsistent 
probabilities (although not necessarily incorrect 
probabilities – see Iles 2003: 547-548) of sampling 
which can lead to incorrect basal area per acre 
estimates (as well as other variables). For example, 
when sampling on flat ground, projecting a horizontal 
angle to an 8-inch-d.b.h. tree at 6 feet above the 
ground while projecting a horizontal angle to another 
8-inch-d.b.h. tree at 4.5 feet above the ground will 
lead to different sampling probabilities (and hence 
incorrect expansion factors to a per acre or per tract 
value) that can result in incorrectly sampling or not 
sampling the 8-inch-d.b.h. trees.

3. Even if a user projects horizontal angles to a constant 
height other than breast height for all non-borderline 
trees, determining whether borderline trees are to 
be sampled using limiting distances calculated for 
breast-height will produce inconsistencies among the 
probabilities of sampling trees (and hence incorrect 
expansion factors).

The objective of this paper is to determine potential 
economic impacts of viewing stems at heights other than 
breast height when breast height is desired. Although 

Iles (2003: 522, 523) presents estimates when one tree 
is incorrectly not sampled, I wanted to determine the 
impacts across an acre and for different stand conditions 
for two commonly used English (square foot) basal area 
factors (BAFs) in the Southern United States. To do this, 
I examined the potential economic impacts for unthinned 
longleaf pine (Pinus palustris Mill.) plantations in the 
Western Gulf region of the Southeastern United States.

METHODS
Data Used in Model Fitting and Prediction

A similar analysis was conducted for loblolly pine (Pinus 
taeda L.) plantations (VanderSchaaf and Jordan 2011). 
To determine potential economic impacts across a range 
of initial and current stand conditions, observations 
(table 1) from a yield table (Lohrey and Bailey 1977) 
were used to estimate diameter distributions, from 
which trees were established within 1-square-acre 
simulated plantations. For simplicity, all plantations 
were assumed to be established on level-ground (thus 
no need for slope correction factors, but in reality this 
is another consideration foresters should account for), 
all plantations were pure planted longleaf pine, spatial 
autocorrelation among individual trees was ignored 
(which could impact the d.b.h. of neighboring trees in 
our virtual plantations), all tree diameters were assumed 
to be perfect circles and are centered around the 
spatial location of a tree center, and all spacings were 
assumed square.  

Stand Conditions

For the sake of brevity, only two site indices (SI) were 
used (50 feet and 70 feet at base age 25). On the SI 50 
site, observations were obtained for combinations of 
planting density per acre (~1,075 seedlings per acre) and 
age (20 and 30). This planting density corresponded to 
surviving trees per acre at age 15 of 200 within the yield 
tables presented in Lohrey and Bailey (1977). On the SI 
70 site, observations were obtained for combinations of 
planting density per acre (460 and 913) and age (20 and 

Table 1—Stand-level variables and three-parameter Weibull distribution parameter estimates 
as obtained from Lohrey and Bailey (1977) to conduct simulations

Site 
index

Planting 
density

Surviving
at age 15 Age Trees Dq BAA

a 
Location

b 
Scale

c 
Shape

feet --number per acre-- years number per acre inches

50 1,075 200 20 190 6.3 40.9 0 6.66 3.61
30 163 8.7 67.9 0 9.26 3.90

70 460 400 20 372 6.6 88.6 0 7.01 3.69
30 295 8.8 125.6 0 9.39 3.87

70 913 700 20 630 6.0 123.3 0 6.33 3.26
 30 448 8.3 170.1 0 8.85 3.59

Dq is quadratic mean diameter and BAA is basal area in square feet per acre. For SI 50, age 30, a value for b of 
9.26 was used rather than the reported 9.28. For SI 70, age 30, and 400 trees surviving at age 15, a value for b 
of 9.39 was used rather than the reported 9.38.
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30). These planting densities correspond to surviving 
trees per acre at age 15 of 400 and 700, respectively, 
within the yield tables presented in Lohrey and Bailey 
(1977). Hence, average planted tree survival per acre, 
quadratic mean diameter at breast height, and parameter 
estimates of the three parameter Weibull diameter 
distribution were obtained for each combination of age 
and density.  

An individual tree d.b.h. was then assigned using the 
predicted Weibull distribution to each grid point, and 
survival of that tree was determined by comparing the 
percent survival rate to a uniformly distributed random 
variable. For example, if the yield table reported percent 
survival as 35 percent for a particular planting density 
and age combination, a tree assigned a uniformly 
distributed random variable less than or equal to 0.35 
indicated the tree survived. However, any tree assigned 
a uniformly distributed random variable greater than 0.35 
indicated the tree died and the diameter was removed 
from consideration for sampling.  

For surviving trees, individual tree height was estimated 
using an equation obtained from VanderSchaaf and 
McConnell (2020) that predicts total tree height (Ht, in 
feet) as a function of d.b.h. (in inches):

 Ht = exp[2.6575 + 0.5666ln d.b.h. + 0.00938/2]   (1)

After establishing a virtual plantation, a sample point was 
placed at the center of each square acre and sampling 
was simulated using 10 BAF and 20 BAF prisms. To 
determine the impacts of projecting horizontal angles 
to points along the stem other than breast height when 
breast height is desired, a taper equation was used to 
determine the change in diameter along each surviving 
tree stem (Baldwin and Polmer 1981). Parameters for 
crown ratios of less than 36 percent were used. Diameter 
was then predicted for four sampling heights: breast 
height—4.5 feet above the ground, 5.0 feet, 5.5 feet, and 
6.0 feet.

The limiting distances for the predicted diameters 
of the four sampling heights for each tree were then 
determined using a BAF’s plot radius factor (2.750 for a 
10 BAF and 1.944 for a 20 BAF). Based on the location 
of a tree within a plantation, the Euclidean distance 
from the sample point to each tree was determined and 
compared to the tree’s limiting distance for a particular 
sampling height. If the limiting distance for each tree was 
equal to or greater than the tree’s Euclidean distance, 
the tree was sampled for that particular sampling 
height. However, the tree per acre expansion factor was 
calculated using d.b.h. for all four sampling heights.  

Thus, for heights other than 4.5 feet, the probability 
of inclusion in the sample was based on the sampling 

height but the expansion factor was based on d.b.h.—
leading to inconsistencies among the probability of 
sampling and the expansion factor. Recall, the concept 
of probability proportional to size is that smaller trees 
have a lower probability of inclusion. Thus, if the 
probability of inclusion for a particular tree size is small, 
yet a tree of that size is sampled, there must be many 
of them in the sampled population, leading to greater 
expansion factors for smaller trees when using the 
same BAF.

To examine variability among repeated cruises, for 
survival amount at age 15 (200 trees per acre for SI 50 
and 400 or 700 trees per acre for SI 70), age (20 and 
30 years), BAF (10 and 20), and sample size (number 
of sample points = 50 per repeated cruise) estimate, 
a total of 500 separate simulated plantations were 
established and a virtual cruise was conducted in each 
virtual plantation. Thus, it can be thought that for a 
particular combination of factors, 500 separate cruises 
were simulated, thus allowing us to examine sampling 
distributions of the timber cruise means. It is assumed 
that a sample point is established in the center of 
each square virtual acre thus eliminating any potential 
edge bias.

Individual tree weight and product weights (pulpwood, 
chip-n-saw, and sawtimber) were then estimated using 
equations found in Baldwin and Saucier (1983):

          WtTot = 10(-0.66098 + 0.96407 log[d.b.h.2Ht])   (2)

Wtd = 10Wt
Tot

 * (1 - 6.80342[dm 2.97184/(d.b.h.2Ht)1.04751])   (3)

where

WtTot = total bole green weight, outside bark (in pounds),
Wtd = outside bark green weight (in pounds) to upper 

stem diameter merchantability limit (in inches), and 
dm = upper stem diameter outside bark merchantability 

limit (in inches).

Assumed merchantability standards for three product 
classes are presented in table 2. For simplicity, any 
tree meeting minimum merchantability standards for a 
particular product class was placed in that product class 
(thus no cull trees and no product degrades). If portions 
of trees met sawtimber merchantability standards, that 
tree was assigned to that product class, if portions of 
trees did not meet sawtimber merchantability standards 
but met chip-n-saw merchantability standards the tree 
was assigned to that product class, and so forth for 
the pulpwood class. Sawtimber and chip-n-saw trees 
were considered mutually exclusive. However, upper-
stem portions of sawtimber and chip-n-saw trees were 
assigned to the pulpwood product class, sometimes 
referred to as topwood.  
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Table 2—Product merchantability limits in inches and product 
revenues per ton for a particular product class

 Merchantability limits (inches) Revenue per ton ($)

Product class
Minimum 

d.b.h.
Maximum 

d.b.h. dm  Poor Optimistic

Pulpwood 4.5 9.5 2 10 20
Chip-n-saw 9.5 11.5 6 18 30
Sawtimber 11.5 - 6 23 45

d.b.h. is diameter at breast height, dm is the upper stem diameter outside bark 
merchantability limit in inches. Upper-stem portions of chip-n-saw or sawtimber 
trees were assigned to the pulpwood product class (e.g., topwood).

Economic Impacts

To determine the economic value of an individual tree, 
all weight estimates were divided by 2,000 pounds to 
convert to tons, and then multiplied by two different 
sets of stumpage prices based on 2017 (Tanger 2018) 
market conditions for the Western Gulf region of the 
Southeastern United States (table 2). One set was 
considered “Optimistic,” or highly desired stumpage 
prices by a landowner, and the second set was 
considered “Poor,” or prices less desired by a landowner. 
Revenues of all sampled trees (“in” trees) were then 
summed by sample point and averaged across sample 
points (n = 50) for each of the 500 virtual cruises. Mean 
values from each of the 500 cruises were then averaged 
to determine the average economic value per acre for a 
particular BAF, sampling height, survival at age 15, and 
age combination.

RESULTS 
Simulations of 200 Trees per Acre at Age 15 
on Site Index 50 Sites (Base Age 25)

Based on basal area estimates, on average, for a 10 
BAF, when projecting horizontal angles to a height of 
6.0 feet at ages 20 and 30, around one-third of a tree at 
each sample point was incorrectly not sampled (table 3). 
Stated alternatively this equates to about one tree every 
three sample points. For a 20 BAF, around one-sixth of 
a tree was incorrectly not sampled. Stated alternatively 
this equates to about one tree every six sample points. 
Projecting angles to a height of 5.0 feet has a relatively 
minimal impact on economic value (percent differences 
ranged from 1.6 percent to 2.7 percent) but projecting 
angles to a height of 6.0 feet can have some meaningful 
impact (percent differences ranged from 4.6 percent to 
7.4 percent) on appraisals.

Simulations of 400 Trees per Acre at Age 15 
on Site Index 70 Sites (Base Age 25)

Based on basal area estimates, on average, for a 10 
BAF, when projecting horizontal angles to a height of 
6.0 feet at ages 20 and 30, more than half of a tree at 
each sample point was incorrectly not sampled (table 4). 
Stated alternatively this equates to about one tree every 

two sample points. For a 20 BAF, around one-third of a 
tree was incorrectly not sampled. Stated alternatively 
this equates to about one tree every three sample points. 
Projecting angles to a height of 5.0 feet had a relatively 
minimal impact on economic value (percent differences 
ranged from 1.5 percent to 2.4 percent) but projecting 
angles to a height of 5.5 feet can have some meaningful 
impact (percent differences ranged from 3.0 percent to 
4.8 percent) on appraisals.

At ages 20 and 30, for the Optimistic prices and when 
projecting angles to a height of 6.0 feet, “missing” trees 
resulted in underestimating economic value close to $80 
and $130 per acre, respectively. The reductions ranged 
from 4.5 percent to 7.1 percent of the correct economic 
value at breast height. These economic underestimates 
may not appear serious, but if a 30-year-old stand is 50 
acres, economic value will be underestimated by about 
$6,450 (based on the yield tables used). Across 100 
such stands, this underestimate would be $645,000. 
Thus, consistently projecting horizontal angles to heights 
other than breast height when breast height is desired 
(and thus is used to calculate expansion factors) across 
time can result in significant losses or gains (depending 
on your perspective) in timber valuation/appraisal.

Simulations of 700 Trees per Acre at Age 15 
on Site Index 70 Sites (Base Age 25)

For a survival of 700 seedlings per acre at age 15, at 
ages of both 20 and 30, on average based on basal area 
estimates, close to one tree at each sample point for a 
10 BAF prism was incorrectly not sampled while for a 20 
BAF prism about half a tree was incorrectly not sampled 
when projecting horizontal angles to a height of 6.0 feet 
(table 5). Projecting angles to a height of 5.0 feet has a 
relatively minimal impact on economic value (percent 
differences ranged from 1.7 percent to 2.6 percent) but 
projecting angles to a height of 5.5 feet can have some 
meaningful impact (percent differences ranged from 3.4 
percent to 5.1 percent) on appraisals.

At age 20, when using the Optimistic prices and when 
projecting angles to a height of 6.0 feet, “missing” trees 
resulted in underestimating economic value close to 
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Table 3—Impact on basal area and economic value per acre estimates when incorrectly projecting 
horizontal angles to a height of 5.0 feet, 5.5 feet, or 6.0 feet (rather than 4.5 feet) for two sets of product 
revenues at age 20 and 30 when 200 trees per acre are surviving at age 15

 Age

 Angle 
height 
(feet)

Average 
BAA 

estimate

Average revenue per acre ($)

Poor price Optimistic price

Pulp Chip Saw Total Pulp Chip Saw Total

  BAF 10
20 4.5 41.5 232.55 32.96 1.97 264.01  465.10 54.93 3.86 517.10

5.0 40.4 226.78 32.50 1.92 257.42 453.57 54.16 3.76 504.08
5.5 39.3 221.47 31.96 1.90 251.13 442.95 53.27 3.72 491.69
6.0 38.4 216.64 31.64 1.88 245.51  433.28 52.73 3.68 480.59

BAF 20
20 4.5 46.1 259.08 38.15 2.04 265.34  518.16 63.58 4.00 519.34

5.0 45.2 253.74 38.01 2.04 258.33 507.48 63.35 3.99 505.45
5.5 44.3 248.94 37.74 2.06 251.85 497.88 62.90 4.02 492.67
6.0 43.6 244.63 37.57 2.03 245.91  489.26 62.62 3.97 480.91

BAF 10
30 4.5 67.6 248.88 268.97 244.20 761.23  497.76 448.28 477.78 1422.30

5.0 66.3 243.56 264.62 241.35 748.71 487.12 441.04 472.21 1398.82
5.5 65.1 238.57 260.60 238.83 737.09 477.15 434.33 467.27 1377.05
6.0 64.0 233.57 256.72 236.35 725.66  467.13 427.87 462.42 1355.60

BAF 20
30 4.5 70.0 256.81 279.29 254.96 767.81  513.61 465.48 498.83 1434.49

5.0 68.8 251.49 276.62 251.88 755.55 502.98 461.04 492.80 1411.17
5.5 67.7 246.49 273.66 249.14 743.45 492.97 456.09 487.44 1388.27
6.0 66.7 241.81 270.92 246.71 732.36  483.61 451.53 482.70 1367.29

BAA is basal area in square feet per acre. Site index (base age 25) is 50 feet.
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Table 4—Impacts on basal area and economic value per acre estimates when incorrectly projecting 
horizontal angles to a height of 5.0 feet, 5.5 feet, or 6.0 feet (rather than 4.5 feet) for two sets of 
product revenues at age 20 and 30 when 400 trees per acre are surviving at age 15

Age

Angle 
height 
(feet)

Average 
BAA 

estimate

Average revenue per acre ($)

Poor price Optimistic price

Pulp Chip Saw Total Pulp Chip Saw Total

  BAF 10
20 4.5 88.4 493.78 108.50 10.20 612.47  987.55 180.83 19.95 1188.33

5.0 86.1 481.23 106.43 10.06 597.71 962.45 177.38 19.68 1159.51
5.5 83.9 468.90 104.66 9.81 583.36 937.80 174.43 19.19 1131.42
6.0 81.8 457.01 103.07 9.58 569.64  914.03 171.78 18.74 1104.51

BAF 20
20 4.5 88.5 489.73 111.82 10.50 611.17  979.47 186.37 20.54 1184.66

5.0 86.2 477.09 111.41 10.29 597.78 954.18 185.68 20.14 1158.05
5.5 84.0 465.56 110.67 9.98 585.07 931.13 184.45 19.52 1132.89
6.0 81.9 455.07 108.83 9.83 572.51  910.14 181.39 19.23 1108.39

BAF 10
30 4.5 126.0 442.45 504.23 518.19 1464.86  884.89 840.38 1013.84 2739.12

5.0 123.7 433.09 496.28 512.23 1441.60 866.18 827.14 1002.19 2695.50
5.5 121.5 424.16 489.95 505.02 1419.13 848.31 816.58 988.08 2652.98
6.0 119.4 415.06 484.10 497.82 1396.98  830.13 806.83 974.00 2610.96

BAF 20
30 4.5 126.1 442.85 502.36 521.42 1466.38  885.71 837.27 1020.17 2742.68

5.0 123.8 432.11 498.83 513.88 1444.58 864.21 831.39 1005.41 2700.56
5.5 121.6 422.07 495.20 505.84 1422.81 844.13 825.33 989.69 2658.61
6.0 119.6 413.87 489.45 498.75 1401.73  827.73 815.75 975.82 2618.67

BAA is basal area in square feet per acre. Site index (base age 25) is 70 feet.
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Table 5—Impacts on basal area and economic value per acre estimates when incorrectly projecting 
horizontal angles to a height of 5.0 feet, 5.5 feet, or 6.0 feet (rather than 4.5 feet) for two sets of product 
revenues at age 20 and 30 when 700 trees per acre are surviving at age 15

Age

Angle 
height 
(feet)

Average 
BAA 

estimate

Average revenue per acre ($)

Poor price Optimistic price

Pulp Chip Saw Total Pulp Chip Saw Total

  BAF 10
20 4.5 123.6 668.95 91.51 7.92 768.38  1337.90 152.51 15.50 1505.91

5.0 120.0 650.47 89.98 7.86 748.31 1300.93 149.97 15.38 1466.28
5.5 116.5 633.09 88.60 7.79 729.49 1266.18 147.67 15.24 1429.10
6.0 113.3 616.68 87.29 7.70 711.67  1233.36 145.48 15.07 1393.91

BAF 20
20 4.5 123.5 672.52 88.17 8.51 768.96  1345.05 146.95 16.65 1508.17

5.0 119.8 655.88 87.09 8.44 751.14 1311.77 145.14 16.52 1472.90
5.5 116.4 639.58 85.77 8.26 733.35 1279.16 142.95 16.17 1437.76
6.0 113.2 624.41 84.75 8.21 717.08  1248.83 141.25 16.06 1405.58

BAF 10
30 4.5 170.7 666.82 628.96 536.13 1831.91  1333.64 1048.27 1048.95 3430.86

5.0 167.3 652.10 618.17 530.28 1800.55 1304.20 1030.28 1037.50 3371.98
5.5 164.0 638.00 607.34 524.91 1770.25 1276.00 1012.24 1027.00 3315.23
6.0 160.9 624.13 597.55 519.24 1740.91  1248.25 995.91 1015.90 3260.07

BAF 20
30 4.5 170.0 671.27 608.40 543.27 1822.94  1342.55 1014.01 1062.91 3419.47

5.0 166.6 657.07 598.20 536.40 1791.67 1314.15 997.00 1049.47 3360.62
5.5 163.4 643.60 587.82 530.32 1761.74 1287.21 979.70 1037.58 3304.48
6.0 160.4 630.88 577.63 524.69 1733.21  1261.77 962.72 1026.57 3251.06

BAA is basal area in square feet per acre. Site index (base age 25) is 70 feet.

$100 per acre while at age 30 the reduction resulted in 
underestimating economic value close to $170 per acre. 
The percent reductions ranged from 4.9 percent to 7.4 
percent of the correct economic value at breast height. 
If a 30-year-old stand is 50 acres economic value would 
be underestimated by about $8,500 (based on the yield 
tables used). Across 100 such stands, this underestimate 
would be $850,000.

DISCUSSION
In practice, most foresters will not consistently project 
horizontal angles to 6.0 feet. However, even when 
projecting horizontal angles to 5.0 feet, across time, 
significant differences in economic values will be 
observed. For instance, at age 30, when using a 20 BAF 
and the Optimistic prices for a site with 400 seedlings 
per acre surviving at age 15 (table 4), across 100 such 
50-acre stands, projecting horizontal angles to a height 
of 5.0 will produce a difference of around $215,000 
as compared to projecting horizontal angles to breast 
height. For a stand with 700 seedlings per acre surviving 
at age 15 (table 5), and at age 30, a difference of around 
$295,000 would be observed. 

Differences in stand-level estimates among the 
horizontal angle heights occur because some trees that 
should be sampled when projecting an angle to 4.5 feet 
are not, and because for those trees that are sampled 
when projecting horizontal angles to heights of 5.0, 5.5, 
and 6.0 feet, the corresponding trees per acre expansion 
factor is incorrect. Due to taper, and since all expansion 
factors in the sample are based on breast height, the 
expansion factors are smaller than what they should 
be based on the probability of sampling at heights of 
5.0, 5.5, and 6.0 feet (resulting in underestimates). If 
the proper expansion factor is calculated for all trees 
sampled at heights of 5.0, 5.5, and 6.0 feet, the stand-
level estimates are identical to those obtained at breast 
height. However, in the field, foresters are not going to 
measure the correct diameter for a particular horizontal 
angle height and thus in the field we foresters make 
the simplifying assumption that all horizontal angles 
are projected to breast height. The assumption that 
horizontal angles will always be projected to exactly 
breast height by a forester is rather ambitious. However, 
understanding the economic impacts of incorrectly 
projecting horizontal angles will help to ensure that trees 
are correctly sampled at the desired 4.5 feet height.
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Longleaf pine plantations were chosen because they are 
relatively easy to project. Obviously, taper rates could 
have a substantial impact on economic values; in general 
we expect relatively low rates of taper in pine plantations 
(especially newer generation genetic stock), but in other 
stand types taper rates can differ substantially. Stand 
densities could have an impact, plantation rectangularity 
could be a factor, the presence of hardwoods or wildling 
pines would also be a factor, as well as the level of 
“clumpiness” in stands.  

Substantial differences in stand-level variable estimates 
in the same stand due to the use of different BAFs 
have been observed (Husch 1955, Wiant and others 
1984), most likely resulting from incorrectly determining 
whether a tree should be sampled. For this examination, 
it is assumed there is no error associated with correctly 
determining whether trees are “in” or “out” for a 
particular sampling height. However, in reality, foresters 
often do not correctly measure ground distances, sites 
are not on level ground and thus foresters fail to account 
for slope, and oftentimes foresters fail to check every 
borderline tree.  

CONCLUSIONS
This present study demonstrates that failing to identify 
which trees to sample when conducting point-sampling 
can have a substantial impact on the valuation/appraisal 
of stands. These errors can lead to under/over bidding 
on timber tracts, can result in incorrect decisions 
about the economic feasibility of conducting various 
management practices, and can lead to making poor 
management decisions in general.
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