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SUMMARY

Volume and weight tables were constructed from a ?O-tree sample of grean
ash (Frajcinus  pennsyluanica  Marsh.) taken in the Mississippi Delta. The
tables present cubic-foot volume, green weight, and dry weight of bole wood,
bole wood plus bark, and total tree excluding leaves above a l-foot stump as
predicted from the allometric model Ln Y = b, + bLn(D*H).  Merchantable bole
volume and weight estimates can be made to any outside bark diameter limit.
More precise bole estimates can be obtained from equations using upper bole
diameters taken at relative heights of 25, 33, and 50 percent of total tree
height.



Green Ash Volume and Weight Tables

, Bryce E. Schlaegel

INTRODUCTION
.

Green ash (Fraxinus pennsylvanica  Marsh.) is dis-
tributed over most of the United States and southern
Canada east of the Rocky Mountains (Little 1979)
(fig. 1). It is most commonly found on alluvial soils
along rivers and streams. On good sites it can devel-
ope a large, clear bole, reach a height of 110 feet, and
have a dbh in excess of 30 inches. Commonly the trees
reach heights of 60 to 80 feet with dbh ranging from
22 to 26 inches.

intervals measured from ground level for trees 5
inches dbh and larger and at 3-foot  intervals for trees
smaller than 5 inches dbh. All limbs, including leaves,
were weighed on 65 of the trees.

In the laboratory, both wood and bark moisture
content and specific gravity were determined as fol-
lows:

1. Wood and bark were separated with a hammer
and chisel.

In recent years there has been considerable
demand for volume and weight tables for bottomland
hardwood species. This paper is the sixth in a series of
six giving both volume and weight tables for some of
the major bottomland hardwood species. The other
five species in the series are willow oak (Quercus phel-
10s  L.) (Schlaegel 1981),  Nuttall oak (Q.  nuttallii  Pal-
mer) (Schlaegel and Willson  1983),  overcup oak (Q.
Lyruta  Walt.) (Schlaegel 1984a), sugarberry (Celtis
Zaeuigata  Willd.) (Schlaegel 1984b), and sweetgum
(Liquidambar styruciflua  L.) (Schlaegd  1984c).

2. Each component was weighed green.
3. Both wood and bark were soaked in water for at

least an hour to ensure complete swelling.
4. Volumes were obtained by immersion (Hein-

richs and Lassen  1970).
5. Wood and bark were dried in a forced-air oven

at 105°C for at least 48 hours.
6. Wood.or  bark moisture content =

green weight - ovendry  weight.
ovendry  weight

7. Specific gravity =

METHODS

The data were collected from 12 natural bottom-
land hardwood stands in west-central Mississippi.
Stands were either even- or uneven-aged with a mixed
species composition. Each stand was measured for
species composition and diameter distribution; 70
trees, ranging in dbh from 1 through 31 inches, were
chosen for destructive sampling. The sample con-
sisted of growing stock trees from both the overstory
and understory with healthy crowns and no visible
signs of disease or decay. When available, three trees
were selected from each l-inch diameter class. Cut-
ting was done throughout the year.

Stump height and total height were measured on
each felled sample tree. Disks about l-inch thick were
cut from the bole at regular intervals from the stump
to the top of the tree. These were then sealed in sepa-
rate polyethylene bags for laboratory determination
of moisture content and specific gravity. The first
disk was at stump height and the remainder at &foot
intervals measured from ground level for trees 5

ovendry  wood or bark weight (g)
green wood or bark volume (cm”)’

Average tree moisture content and specific gravity
were calculated from weighted averages of the disk
moisture contents and specific gravities; each disk
specific gravity or moisture content was weighted by
its squared average diameter.

Taper functions (Schlaegel 1981, Schlaegel and
Willson  1983) of the form

Y =b,(X’-1) + bt(X’-1)  + . . . + b,(XP--1)
where

Y =dlD,
d = diameter at height h on the bole,
D =dbh,
X =h/H,
h = height from ground to a specific measure-

ment point,
H = total height,
bi = coefficients estimated for each tree by linear

regression;i=1,2,...p;4=pr7,
were calculated for each tree, both inside and outside
bark. Cubic-foot volumes were obtained for each tree
by integrating the taper function to heights of spe-
cific top diameters to obtain both total and merchant-

.__ . _ . __ _
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able bole volumes. Bole green and dry weights were
calculated from estimated tree volume and weighted
average tree density and moisture content.

Allometric regression equations were used to esti-
mate volume, green weight, and dry weight of bole
wood, bole wood plus bark, and bole wood plus bark
plus limbs.

RESULTS

Characteristics of the trees used in this study are:

Age (years)
Dbh (in)
Total height Cft)
Wood moisture content

Bz%~~~ure content
(percent)

Wood specific gravity
Bark specific gravity
Wood-tbarkgreen

density (lb/ft)
Wood -+ bark dry

density (lb/ftA
Wood + bark moisture

content (percent)
Wood + bark specific

gravity

Average Range
50 14-168

8.0 0.9 - 30.6
51 14-110

57 40 - 141

115 45 - 236
0.563 0.416 - 0.694
0.456 0.259 - 0.610

55.95 43.46 - 72.00

33.84 26.23 - 40.55

66 46 - 177

0.542 0.420 - 0.649

.

Individual tree volumes and weights were fitted to
the allometric model:

Ln(Y) = b0 + b, Ln(D’H)
where

-

(1)

Y = the volume or weight variable of interest, +,
Ln is a natural logarithm;
b, and b, are coefficients estimated from the
data.

Estimates of the coefficients b, and b, are pre-
sented in table 1 for predicting cubic foot volume and
green and dry weight of bole wood, bole bark, total
bole, and total tree excluding leaves. Additional sta-
tistics presented are the component average, fit
index, regression standard error of estimate (S,) based
on residuals after converting to actual units, and coef-
ficient of variation (C.V.) of predictions in arithmetic
units. Fit index, which is similar to R’, is used to
judge equation efficiency when the dependent varia-
ble has been transformed (Farrar 1978) and is calcu-
lated in untransformed units from the total and resi-
dual sums of squares.’ The fit index and R* are equal
when a simple linear regression analysis is performed
on an untransformed dependent variable.

Fit indices range from 0.887 for dry total tree
weight to 0.975 for bole wood volume. A fit index of
1.0 indicates that predictions can be made without

‘FI = {l-[C(Yi-  Yi)‘]I[E(Yi-  %I}

Figure l.-The mnge ofgreen ash (FoweUs  1965)  (F&m94



error with the data used to fit the model; a value close
to 1 is desirable. Coefficients of variation, which are
indices of relative precision of prediction, range from
62.6 percent for dry total tree weight to 29.3 percent
for bole wood volume.

/ Using measures of individual tree dbh and total
height, estimates can be made using table 1 for tree
volume (given in table 2), green weight (given in table
3), and dry weight (given in table 4) for bole wood,

- bole wood plus bark, and for bole wood plus bark plus
limbs excluding leaves.

The equations were developed using trees from a
limited geographic range compared to the total range.
Therefore, predictions may be’less precise when the
equations are applied in other parts of the range.
Using an upper bole diameter measurement in addi-
tion to dbh as described later should alleviate this
problem.

MERCHANTABLE BOLE ESTIMATES

The merchantable bole is defined as the tree bole
from a l-foot stump to a specified top diameter, ignor-
ing limbs. Merchantable bole volume or weight can be
expressed as a proportion of the total bole by a gener-
alized form of the logistic model

R, =(l.O +er(‘))-’ (2)
where

R, =ratio  of merchantable bole volume or
weight to total bole volume or weight,
where I = top outside bark diameter of mer-
chantable bole,

X = (D - d,)/D,
D = tree dbh outside bark, and
d, = outside bark top diameter.

For a specific top diameter, the ratio of merchanta-
ble bole to total bole is the same for volume, green
weight, dry weight, and inside and outside bark
(Schlaegel and Willson  1983).

Model 2 was fitted to the overcup oak data for
trees r 4.6 inches dbh, with f(X) = b, + b,X + b,X’  +
b,X’  + b,X’. Inverting (2) and taking the natural log-
arithm results in

I-R,
Ln 7

( )
= b, + b,X + b,X’  + b,X” + b,X”;

I
this was’solved using multiple linear regression tech-
niques giving:

R, = [l.O + EXP (0.77188 + 11.26543 X
-73.62613 X2 + 111.38621 X3
- 59.39594 X’)]  -1. (3)

with fit index = 0.921 and S, = 0.065; EXP is the base
of the natural logarithm and equals 2.71828.

Volume or weight to any top diameter (V,)  is found
by multiplying the ratio estimate obtained from (3)
by a total bole volume or weight estimate from either
table 2,3,  or 4:

VI= R,.Vr,
where VT is the total bole volume or weight of inter-
est.

IMPROVED TOTAL BOLE
ESTIMATES

The precision of the merchantable bole estimate
depends upon accuracy in measuring total bole. Total
bole estimates can be significantly improved by mea-
suring one or two additional diameters. Tables 5 and
6 give regression statistics for total bole volume and
weight under two different model forms:

Ln(Y) = b, + b, Ln(D*D,*H) (4)
a n d

Ln(Y) = b, + b, Ln[(D-D,  + D2,)*H] (5)
where D, H, and Y are as defined previously, and D,,
D,, and D,,, are diameters measured outside the bark.
at one-third, one-half, and one-fourth the total height.

Statistics from tables 5 and 6 show the significant
(a = 0.05) improvement over the previous DzH equa-
tions of table 1. Measuring one additional diameter at
one-third the tree height reduces S, for all bole compo-
nents from 31 percent for dry bole bark to 63 percent
for bole wood volume.

Measuring two upper bole diameters at one-fourth
and-one-half total height will result in further signifi-
cant increases in precision. Improvements over the
D*H model range from 46 to 81 percent for bole wood
and total bole and from 38 to 49 percent for bark.

Taking additional bole measures means a higher
inventory cost, since more time will be spent at each
tree, but most of the inventory cost is in traveling to
the candidate tree. Data presented in this paper allow
total and merchantable bole estimates to be made
with high reliability. Each user has to decide when
increased precision is needed and whether the need
offsets the higher cost.

LOCAL VOLUME TABLES

There are many occasions when the only tree varia-
ble available is dbh, or perhaps only a rough estimate
of tree volume or weight is needed. In these cases a
local volume table will suffice. Table 7 gives the sta-
tistics needed for estimating by the local volume
table technique. However, it must be realized that
estimation precision may be considerably lessened.
The local volume or weight model is

Ln(Y) = b, + b, Ln(D2). 6)
Precision is significantly (a =0.05)  reduced when

only dbh is used for prediction, except for total tree
and dry bole wood.

CALCULATING CONFIDENCE LIMITS

Confidence limits ((I- a ) percent confidence lim-
its) of individual predictions can be calculated using
statistics presented in table 8. Clark et al. (1980) used
the technique of Land (1972) to estimate approximate
confidence limits for log-normal means of scarlet oak:
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-

Y.,,=EXP i+ (‘-?!)*
n x(X-X)* 1

where:
2h-tU.J /

YuL, = upper and lower limits for Y,
EXP= base of natural logarithm; EXP = e =

2.71828,
Y = predicted volume or weight of compo-

nent,
Zo,*= value for the upper Q /2 percentage

point from the standard normal table,
Sy.== standard error of estimate for predic-

tion equation,
n= number of observations used to

develop the equation,
-Z = sample mean of Ln(X),

C(X - X)* = corrected sum of squares for Ln(X),
X = Ln(DZH);  D = dbh and H = total height

of tree for which-Y is predicted.
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Table I.-Regression statistics for predicting green ash tree volumes and weights using d&h and
tot&height’

Component
Average

Y b, b,
F i t

index’ 6,s
C.V.

percent’

Bole wood
Bole bark
Total bole
Total tree,

excluding
leaves

Bole wood
Bole bark
Total bole
Total tree,

excluding

Volume (cubic feet)
14.4 - 5.817 0.93265 0.975 4.22 29.3
2.5 -6.743 0.85307 0.939 0.99 40.4

16.9 -5.502 0.91740 0.973 4.99 29.6
22.7 -5.371 0.92436 0.947 9.60 42.3

Green weight (pounds)
717 -1.616 0.90470 0.939 322 44.9
127 . -2.335 0.80534 0.953 45 35.3
844 -1.246 0.88369 0.945 355 42.0

1138 -1.104 0.88814 0.908 632 55.5

Dry weight (pounds)

Bole wood
Bole bark
Total bole
Total tree,

excluding
leaves

469 -2.123 0.91416 0.907 263 56.1
77 -3.536 0.87524 0.?41 32 41.1
546 - 1.905 0.90737 0.917 285 52.3
133 - 1.759 0.91023 0.887 4 5 9 62.6

Volumes and weights of trees from a l-foot stump to the tree tip, using Ln(Y) = b, + b, Ln(D’H);
D = dbh, H = total tree height.

‘Fit index = !.O - [UY - Y)’ / C(Y  - ii)>], using untransformed values.
3, = [C(Y  -Y)’ / (n - 2)]%, usingun@nsformed  values.
‘Coefficient of variation = 100 S,  I Y.
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Table 2.-Cubic-foot volume for green ash bole  wood, bole  woodplus  bark, and total tree’

Total heieht in feet

Dbh 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0 1 1 0 120 1 3 0

inches
1

2

3

4

5

6

7

8

9

1 0

1 1

1 2

1 3

1 4

1 5

1 6

1 7

1 8

cubic feet

0.03’ 0.05
0.03 0.06
0.04 0.07

0 . 0 9 0.18
0.12 0.23
0.14 0.27

0.38
0 . 4 8
0.57

0.07
0.09
0 . 1 1

0 . 2 6
0 . 3 3
0 . 3 9

0 . 5 5
0 . 6 9
0 . 8 2

0.65 0.94
0.81 1 . 1 8
0 .96 1 . 4 0

1 . 4 3
1 . 7 7
2 . 1 1

0 . 0 9
0.12
0.14

0 . 3 4
0 . 4 3
0 . 5 1

0 . 7 2
0 . 9 0
1 . 0 7

1 . 2 3
1 . 5 3
1 . 8 3

1 . 8 7
2 . 3 1
2 . 7 6

2 . 0 1 2.63
2.47 3.22
2.96 3.86

3.50
4.27
5.14

4.49
5.46
6.57

5.60
6.78
8.17

0 . 4 2
0 . 5 3
0.62

0.89
1 . 1 1
1 . 3 2

1 . 5 2 1 . 8 0
1 . 8 8 2.22
2.24 2 . 6 6

2 . 3 0 2 . 7 3
2 . 6 3 3 . 3 4
3 . 3 9 4 . 0 1

3 . 2 3 3 . 8 3
3 . 9 5 4 . 6 7
4 . 7 5 5 . 6 2

4 . 3 1 5 . 1 1
5.24 6 . 2 9
6 . 3 1 7 . 4 7

5.53 6 . 5 6
6.70 7 . 9 2
8.08 9 . 5 6

3 . 1 5
3 . 8 5
4 . 6 3

4 . 4 3
5 . 3 8
6.48

5 . 9 0
7 . 1 4
8.62

7 . 5 7
9 . 1 2

1 1 . 0

6 . 6 8
8.07
9.75

8 . 5 7
10.30
12.50

6.89 8 . 1 7 9 . 4 3 1 0 . 7
8.32 9 . 8 3 1 1 . 3 9 1 2 . 8

10.00 1 1 . 9 9 1 3 . 7 1 1 5 . 5

8.39 9.94 1 1 . 5 1 3 . 0
10.10 11.90 1 3 . 7 1 5 . 6
12.20 14.40 1 6 . 7 1 8 . 8

1 0 . 0 1 1 . 9 1 3 . 7 1 5 . 5
1 2 . 0 1 4 . 2 1 6 . 4 1 8 . 5
1 4 . 6 1 7 . 2 1 9 . 9 22.5

1 1 . 8
1 4 . 1
1 7 . 1

1 3 . 7
1 6 . 3
1 9 . 8

1 4 . 0
1 6 . 7
2 0 . 2

1 6 . 2
1 9 . 3
2 3 . 5

1 6 . 1
1 9 . 2
2 3 . 3

1 8 . 7
2 2 . 2
27.1

2 1 . 5
2 5 . 5
3 1 . 0

2 4 . 4
2 8 . 9
3 5 . 2

iii
3 9 . 7

3 0 . 9
3 6 . 4
4 4 . 4

3 4 . 4
4 0 . 4
4 9 . 4

1 8 . 3
21.7
26.4

2 1 . 2
25.1
3 6 . 6

2 4 . 3
2 8 . 8
3 6 . 1

2 7 . 7
3 2 . 7
3 9 . 9

3 1 . 2
3 6 . 8
4 4 . 9

35.0
4 1 . 1
50.3

1 8 . 6
2 2 . 1
26.9

2 1 . 2
2 5 . 1
30.6

23.9
2 8 . 3
34.4

2 6 . 7
31.6
3 8 . 5

29.8
3 5 . 1
42.8

1 4 . 5
1 7 . 3
21.0

1 7 . 3
20.6
2 5 . 1

2 0 . 4
2 4 . 2
2 9 . 4

2 3 . 7
28.0
3 4 . 1

2 7 . 2
3 2 . 1
3 9 . 1

22.5
26.6
32.4

2 6 . 1
30.8
37.6

30.0
35.3
4 3 . 1

30.9
3 6 . 4
4 4 . 5

34.9
41.0
5 0 . 1

39.0
45.8
56.0

3 4 . 1
4 0 . 1
49.0

3 8 . 6
4 5 . 1
5 5 . 2

4 3 . 1
5 0 . 5
61.8

38.9 43.4 4 7 . 9
45.7 50.9 5 6 . 0
55.9 62.3 6 8 . 7



.
Table 2.-Cubic-foot volume for green ash bole wood, bole woodplus  bark, and total tree-(Continued)

Total height in feet

Dbh 10 2 0 30 40 50 60 70 8 0 9 0 100 110 120 130

inches
*  19

2 0

21

22

2 3

24

25

26

27

28

29

30

31

32

33

34

35

cubic feet
38.0’
44.6
54.6

36.2
42.5
52.0

39.7
46.5
56.9

43.3
50.7
62.1

47.0
55.0
67.4

50.9
59.5
72.9

54.9
64.1
78.6

59.1
68.9
84.5

63.4
73.8
90.6

41.8
49.0
60.0

45.8
53.6
65.7

49.9
58.4
71.6

54.3
63.3
77.7

58.8
68;5
84.0

63.4
73.8
90.6

68.2
79.3
97.5

73.2
85.0

104.0

78.3
90.9

112.0

83.6
96.9

119.0

89.1
103.0
127.0

94.7
110.0
135.0

100
116
143

106
123
151

43.0 48.0
50.4 56.2
61.7 68.8

47.4 52.9
55.4 61.7
67.9 75.7

51.9 57.9
60.6 67.5
74.3 82.8

56.6 63.1
66.0 73.5
81.0 90.3

61.5 68.6
71.6 79.8
87.9 98.0

66.5 74.3
77.4 86.3
95.1 106.0

71.8 80.1
83.4 93.0

103.0 114.0

77.3 86.2
89.7 99.9

110.0 123.0

82.9 92.5
9 6 . 1 107.0

1 1 8 . 0 132.0

88.7 9 9
103.0 114
126.0 141

94.7 1 0 6
110.0 1 2 2
135.0 1 5 0

101 113
117 130
144 160

107 120
124 138
153 170

114 127
131 146
162 180

121 135
139 155
171 191

113 127 142
130 147 163
160 181 202

119
137

135 150
155 172
191 213169

53.0
61.9
75.9

58.3
68.0
83.4

63.9
74.4
91.3

69.7
81.0
99.5

75.7
87.9

108.0

81.9
95.0

117.0

88.4
102.0
126.0

95.1
110.0
136.0

102
118
145

109
126
155

117
134
166

124
143
177

132
152
188

140
161
1 9 9

148
170
211

157
180
2 2 3

166
190
2 3 5

63.7
74.2
91.1

69.8
81.1
99.7

76.1
88.4

109.0

82.7
95.9

118.0

89.6
104.0
128.0

96.6
112.0
138.0

104
120
148

112
129
159

119
138
170

127
147
181

136
156
193

1 4 4
1 6 6
205

153
176
217

162
186
230

172
196
243

181
207
256

82.6
95.7

118.0

as.7
104.0
128.0

97.1
112.0
138.0

105
121
149

113
130
160

121
139
172

129
149
184

138
159
196

147
169
2 0 9

157
180
222

166
190
2 3 5

176
201
2 4 9

186
213
2 6 3

196
2 2 4
2 7 8

105
121
149

113
130
161

121
140
173

130
150
185

139
160
198

149
171
211

159
182
225

169
193
2 3 9

179
205
253

190
217
268

2 0 0
229
284

212
241
2 9 9

‘Tree volume from a l-foot stump to the tree tip.
‘The three vertical figures for each dbh give volumes of bole wood first, bole wood plus bark second, and total tree (bole wood plus bark plus
limbs exchrding  leaves) last.

‘Boldface numbers span the range of the data.
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Table 3.-Green weight in pounds forgreen ash bole wood, bole woodplus bark, and total tree’
Total height in feet

Dbh 10 20 3 0 40 50 6 0 IO 80 9 0 100 110 120 130

inches
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

1 7

18

1.6’ 3.0
2.2’ 4.1
2.6 4.7

5.6 1 0 . 5
7.5 13.8
8.8 16.0

2 2
2 8
33

3 7
4 7
5 6

4.3
5.8
6.8

15
20
23

31
40
48

53
6’7
8 0

7 9
100
119

110
138
164

5.6
7.5
8.8

20
26
30

41
52
62

69
87

103

103
129
153

143
178
212

189
233
278

241
2 9 6
353

298
364
435

24
31
37

5 0
64
75

84
106
126

126
157
187

175
217
258

231
284
339

295
3 6 0
430

365
443
530

441
534
639

524
632
757

614
737
884

709
849

1019

99
124
148

148
1 8 4
219
206
254
303

273
334
399

347
423
506

430
521
623

520
627
762

618
743
890

171
211
252

237
292
3 4 8

314
3 8 3
457

399
485
580

354
431
515

451
545
653

7 2 4
8 6 6

1039

836
998

1 1 9 8

494
597
715

598
719
862

711
8 5 1

1 0 2 1

832
992

1 1 9 2
962

1 1 4 3
1 3 7 4

751
898

1078

892
1063
1276

1 0 4 4
1 2 3 9
1 4 9 9
1207
1427
1717

956
1137
1367

1084
1285
1545

1218
1440
1732

1359
1603
1929

1100
1303
1567

1246
1472
1 7 7 1
1 4 0 0
1650
1 9 8 7

558
672
805

675
809
971

802
958

1150

9 3 9
1117
1342

1085
1 2 8 6
1 5 4 7
1 2 4 1
1466
1 7 6 4

1 4 9 6
1657
1 9 9 4
1 5 8 0
1857
2237

1763
2 0 6 7
2491

1380
1627
1959

1149
1360
1636

1328
1567
1886

1518
1786
2151

1564 1720
1838 2018
2214 2 4 3 2

1758
2060
2483

1961
2293
2766

1933
2261
2727

1562
1837
2212

2158
2517
3 0 3 7

1507 1 7 3 3 1955 2175 2 3 9 3
1773 2032 2 2 8 6 2537 2 7 8 5
2136 2449 2757 3061 3 3 6 2



:able 3.-Green weight in pounds for green ash bole wood, bole woodplus bark, and total tree-(Continued)

)bh

riches
10 2 0 3 0 4 0 50

Total height in feet

6 0 70 8 0 9 0 100 110 120 130

pounds
.9

20

21

22

23

2 4

2 6

2 6

2 7

2 8

2 9

3 0

31

3 2

3 3

3 4

35

1662 1911 2156
1951 2236 2516
2351 2 6 9 6 3035

1824
2136
2575

1992
2 3 2 8
2 8 0 8

2167
2 5 2 8
3 0 5 0

2 3 4 8
2 7 3 5
3301

2 5 3 6
2 9 4 8
3 5 6 0

2097
2 4 4 8
2953

2 2 9 0
2 6 6 8
3 2 2 0

2491
2 8 9 7
3 4 9 8

2 7 0 0
3134
3 7 8 5

2916
3 3 7 8
4 0 8 2

3140
3631
4 3 8 9

3 3 7 0
3 8 9 2
4 7 0 6

3 6 0 9
4160
5 0 3 2

3 8 5 4
4 4 3 7
5 3 6 8

4107
4 7 2 0
5713

4 3 6 7
5012
6 0 6 8

2366
2754
3325

2584
3002
3626

2811
3260
3938

3047
3526
4261

3290
3802
4596

2731
3169
3 8 2 8

2 9 3 2
3 3 9 6
4104

3139
3631
4 3 8 8

3543
4086
4942

3803
4 3 7 9
5298

4w2
4681
5666

4 6 3 4
5311
6 4 3 2

4 9 0 7
5617
6 8 0 5

5188
5931
7187

5 4 7 6
6 2 5 3
7 5 7 8

5771
658’l

4349
4992
6 0 4 4

4634
6312
6432

4927
5 6 4 0
6 8 3 2

5228
5976
7241

5538
6321
7662

5855
6674
8 0 9 2

6180
7036
8533

6512
7406
8984

2399
2792
3370

2632
3057
3691

2 8 7 5
3 3 3 2
4025

3127
3617
4372

3 3 8 9
3913
4731

3 6 6 0
4219
5103

3941
4 5 3 4
5487

4231
4 8 6 0
5 8 8 3

4 5 3 0
5195
6 2 9 0

4 8 3 8
5 6 4 0
6710

5155
5 8 9 4
7142

6481
6 2 5 8

7 5 8 5

6816
6 6 3 2
8 0 4 0

6160
7014
8 5 0 6

6513
7 4 0 6
8 9 8 4

6 8 7 5
7 8 0 8
9 4 7 4

7 2 4 5
8218

2638
3064
3700

2895
3355
4053

3162
3657
4420

3440
3970
4801

3 7 2 8

5196
4027
4630
5604

4335
4977
6025

4654
5334
6460

4983
5 7 0 2
6908

5322
6080
7368

!5671
6469
7842

6030
6869
8329

6398
7 2 7 9
8829

6776
7 6 9 9
9341

7164
8129
9866

7562
8569

10403

7969
9020

9974 10953

3156
3 6 5 0
4411

3 4 4 7
3 9 7 8
4811

3 7 6 0
4319
5 2 2 5

4 0 6 4
4 6 7 2
5 6 5 4

4 3 8 9
6 0 3 7
6 0 9 8

4 7 2 6
5414
6 5 5 7

5 0 7 3
6 8 0 3
7 0 3 0

5432
6 2 0 3
7518

5801
6615
8019

6181
7Q38
8 5 3 5

6 5 7 3
7 4 7 2
9 0 6 5

6974
7918
9609

7 3 8 7
8 3 7 5

10166

7810
8 8 4 3

10737

8243
9323

11322

8 6 8 7
9813

11920

4 0 5 7
4 6 6 4
5 6 4 5

4 3 9 7
5 0 4 6
6109

4 7 4 9
5 4 4 0
6 5 8 8

5113
5 8 4 7
7 0 8 4

5 4 8 9
6 2 6 6
7 5 9 5

5 8 7 7
6 6 9 9
8122

6 2 7 6
7143
8664

6688
7600
9221

7111
8070
9 7 9 3

7 5 4 5
8551

10381

7 9 9 2
9045

10983

8449
9560

11600

8918
10068
12231

9398
10697
12878

5105
5 8 3 8
7 0 7 4

5 4 9 7
6 2 7 5
7 6 0 6

6901
6 7 2 6
8155

6318
7190
8 7 2 0

6 7 4 8
7 6 6 7
9 3 0 2

7190
8157
9 9 0 0

7 6 4 5
8661

10615

8112
9178

11145

8 5 9 2
9 7 0 8

11792

9 0 8 4
10260
12454

9 5 8 8
10806
13133

10104
11374
13827

‘Tree weight from a l-foot stump to the tree tip.
*The  three vertical figures for each dbh give weights of bole wood firat. bole wood plus bark second, and total  tree (bole wood plus bark plus
limbs excluding leaves) last.

‘Boldface numbers span the range of the data.



Table 4.-Dry  weight inpounds forgreen  ash bole wood, bole woodplus bark, and total tree’
Total height in feet

Dbh 1 0 2 0 3 0 4 0 5 0 6 0 IO 8 0 9 0 1 0 0 1 1 0 1 2 0 1 3 0

inches
1

2

3

4

5

6

7

8

9

1 0

1 1

12.

1 3

1 4

1 5

1 6

1 7

1 8

1 . 0 ’ 1 . 8 2 . 7
1 . 2 ’ 2.3 3.3
1 . 4 2.6 3.8

3 . 5 6.6 9.5
4.2 7 . 9 1 1 . 5
4.9 9 . 3 1 3 . 4

1 4 2 0
1 7 2 4
1 9 2 8

2 3 3 4
2 8 4 0
3 3 4 7

5 1
6 0
7 1

7 1
8 4
9 9

3 . 5
4 . 2
5 . 0

1 2 . 4
1 4 . 9
1 7 . 0

2 6
3 1
3 7

4 4
5 2
6 2

6 6
7 8
9 3

9 2
1 0 9
1 2 9

1 2 2
1 4 5
1 7 1

1 5 6
1 8 4
2 1 8

1 9 4
228
270

1 5
1 8
2 1

3 2
3 8
4 5

5 4
6 4
7 6

8 1
9 6

1 1 3

1 1 3
1 3 4
1 5 8
1 5 0
1 7 7
2 0 9

1 9 2
2 2 5
2 6 7

2 3 8
2 7 9
3 3 1

ZSS,
3 3 8
4 0 1

3 4 3
402
4 7 7

4 0 2
4 7 1
559

4 6 5
5 4 4
646

6 4
7 6
8 9

9 6
1 1 3
1 3 4
1 3 4
1 5 8
1 8 7
1 7 7
209
2 4 7

2 2 6
2 6 6
3 1 5

2 8 1
329’
3 9 1

3 4 0
3 9 9
4 7 3

4 0 5
4 7 4
5 6 3

4 7 5
5 5 5
6 5 9

5 5 0
6 4 2

763

630
7 3 5
8 7 3

7 1 4
8 3 3
9 9 0

804
9 3 6

1 1 1 3

8 9 8
1 0 4 5
1 2 4 3

9 9 7
1 1 5 9
1 3 8 0

1 1 0
1 3 0
1 5 4

1 5 4
1 8 2
2 1 5

2 0 4
2 4 0
2 8 4

2 6 1
3 0 6
3 6 3

3 2 3
3 7 9
4 4 9

3 9 2
4 5 9
5 4 5

466
5 4 5
6 4 8

647
6 3 9
7 5 9

6 3 3
7 3 9
8 7 8

7 2 5
8 4 5

1 0 0 5

8 2 2
9 5 8

1 1 3 9

925
1 0 7 7
1 2 8 1

1 0 3 4
1 2 0 2
1 4 3 1

1 1 4 7
1 3 3 3
1 5 8 7

2 3 1
2 7 1
3 2 1

2 9 4
3 4 5
4 1 0

3 6 5
428
508

4 4 3
5 1 8
615

5 2 7
616
7 3 1

618
7 2 1
857

7 1 5
8 3 4
991
819
954

1 1 3 5

929
1 0 6 1
1286

1045
1 2 1 5
1 4 4 7

1 1 6 8
1 3 5 7
1 6 1 6

129s:
1505
1 7 9 3

493
576
684

5 8 7
685
814

6 8 8
8 0 2
9 5 4

796
928

1 1 0 4

912
1 0 6 1
1 2 6 3

758
883

1050

8 7 7
1 0 2 1
1215

1004
1168
1390

1 0 3 5
1 2 0 3
1 4 3 2

1164
1352
1 6 1 0

1139
1323
1576

1 2 8 2
1488
1773

1 3 0 1 1432
1510 1 6 6 1
1798 1979

1444 1590
1 6 7 4 1842
1996 2196
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‘able 4.-Dy weight in pounds forgreen  ash bole  wood, bole woodplus bark, and total tree-(Continued)
4 Total height in feet

>bh 10 20 3 0 4 0 50 60 70 8 0 9 0 100 110 120 130

riches pounds
19

20

1100
1279
1522

1208
1403
1671

21

22

23

24

25

2 6

27

1321
1533
1827

1438
1668
1988

1560
‘1808
2156

1686
1954
2329

1817
2104
2 5 0 9

1952
2 2 5 9
2 6 9 5

2092
2419
2 8 8 6

2 8

2 9

3 0

31

1267
1470
1752

1391
1614
1923

1521
1763
2102

1656
1919
2288

1796
2080
2480

1942
2247
2680

2092
2420
2887

2248
2598
3101

2408
2782
3321

2574
2972
3548

2744
3168
3782

2920
3 3 6 9
4023

3100

3 2

3 3

3 4

35

1431
1660
1978

1572
1822
2172

1719
1990
2373

1871
2166
2583

2 0 3 0
2348
2801

2194
2536
3 0 2 7

2 3 6 4
2731
3 2 6 0

2 5 3 9
2933
3501

2721
3141
3756

2908
3 3 5 5
4007

3101
3 5 7 6
4271

3 2 9 9
3 8 0 2
4543

3 5 0 3
4 0 3 6
4823

3712
4275
5110

3927
4520
5404

4147
4772
5 7 0 6

4373
5030
6015

1594
1847
2 7 0 2

1751
2 0 2 7
2417

1914
2215
2 6 4 2

2 0 8 4
2410
2875

2 2 6 0
2613
3118

2443
2 8 2 2
3 3 6 9

2632
3 0 3 9
3 6 2 9

2 8 2 8
3264
3 8 9 8

3 0 3 0
3 4 9 5
4175

3 2 3 9
3 7 3 3
4 4 6 0

3 4 5 3
3 9 7 9
4 7 5 5

1755
2 0 3 2
2 4 2 4

1928
2231
2661

2107
2 4 3 7
2 9 0 8

2 2 9 5
2 6 5 2
3165

2489
2875
3432

2 6 9 0
3106
3 7 0 8

.

2711
3129
3 7 3 6

2 9 4 0
3 3 9 2
4051

3178
3664
4 3 7 8

3419
3 9 4 0
4 7 0 8

3 6 7 4
4231
5 0 5 7

2 8 9 9
3 3 4 4
3 9 9 4

3114
3591
4 2 9 0

3337
3846
4595

3 5 6 6
4108
4 9 0 9

3802
4378
5233

4 0 4 5
4 6 5 6
5 5 6 6

3 6 8 4
4 2 4 3
5 0 7 2

3 9 5 8
4 5 5 6
5 4 4 7

4241
4 8 7 9
5834

4 5 3 3
5212
6 2 3 4

4 8 3 3
5 5 5 5
6 6 4 5

3575
4271

3286
3787
4 5 2 5

3901 4 2 9 5
4491 4941
5 3 6 8 5 9 0 9

3 4 2 4
3 9 4 6
4715

3619
4 2 3 7
5 0 6 4

3 9 4 2
4 5 3 7
5 4 2 4

4213
4 8 4 7
5 7 9 6

4 4 9 2
5166
6178

4 7 7 9
5 4 9 3
6571

5 0 7 4
5 8 3 0
6 9 7 5

4134
4757
5 6 8 8

5142
5 9 0 7
7 0 6 8

5 4 6 0
6 2 6 9
7 5 0 3

5 7 8 6
6641
7 9 4 9

3 4 7 6
4005
4 7 8 6

4 3 7 3
5 0 3 0
6016

4619
5310
6 3 5 2

4 5 5 2
5234
6 2 6 0

48i6
5535
6621

8038

2103
2 4 3 2
2 9 0 2

2 2 9 9
2 6 5 7
3171

2 5 0 3
2891
3 4 5 2

2715
3134
3 7 4 3

2 9 3 5
3 3 8 6
4 0 4 4

3163
3 6 4 6
4 3 5 6

3 3 9 8
3915
4 6 7 9

3 6 4 0
4193
5011

3891
4 4 7 9
5354

4148
4 7 7 4
5708

4414
5 0 7 6
6071

4686
5388
6444

4 9 6 6
5707
6 8 2 8

75254
6 0 3 5
7221

5 5 4 9
6371
7 6 2 4

5851
6715

5 3 7 8
6176
7391

5 6 8 9
6531
7816

6 0 0 8
6 8 9 4
8 2 5 3

6121
7 0 2 3
8 4 0 7

, 3671
4 2 2 8
5 0 5 3

5086
5843
6991

6 4 6 4
7414
8877

3 8 7 0
4 4 5 6
5327

4 8 7 0 5362
5597 6159
6 6 9 6 7 3 7 0

6 3 3 5 6816
7 2 6 7 7814
8 7 0 0 9358

Tree weight from a l-foot stump to the tree tip.
‘The three vertical  figures for each dbh give weights of bole wood first, bole wood plus bark second, and  total tree (bole wood plus bark plus
limbs excluding leaves) last.

‘Boldface numbers span the range of the data.
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Table L-Regression statistics forpredicting green ash bole  volumes and weights using two bole
diameter measurements and total height’

Average Fit C.V.
Component Y b. b, index’ se, percent’

Volume (cubic feet)

Bole wood 14.4 -5.868 0.97694 0.997 1.57+ 10.9
Bole bark 2.5 - 6.804 0.89660 0.975 0.63’ 25.8
Total bole 16.9 - 5.556 0.96315 0.996 1.86+ 11.0

Green weight (pounds)

Bole wood 717 - 1.671 0.94999 0.978 193* 26.9
Bole bark 127 - 2.394 0.84651 I 0.982 28, 21.7
Total bole 8 4 4 - 1.301 0.92811 0.981 208” 24.6

Dry weight (pounds)

Bole wood 4 6 9 - 2.183 0.96029 0.960 171* 36.6
Bole bark 77 - 3.606 0.92033 0.971 22. 29.0

’ Totalbole 5 4 6 - 1.967 0.95330 0.967 MO* 33.0
‘Volumes and weights of trees from a l-foot stump to the tree tip, using Ln(Y)=bo +b,
Ln(D*DH.H); D = dbh, H = total tree height, DX = bole diameter outside bark at %H.

‘Fit index = !.O  - [E:(Y - Y)z I C(Y - &I, using untransformed values.
‘S, = [C(Y  - Y)l I (II - Z)]“, using unlansformed vahrF?s.
‘Coefficient of variation = 100 S,  I Y.
*Significantly more precise by the F test than D’H model: o =0.05.

Table 6.-Regression statistics firpmdicting  green ash bole  volumes and weights using three bole
diameter measurements and totalheight’

Average Fit C.V.
Component Y b, b, index* k3 percent’

Volume (cubic feet,

Bole wood 14.4 - 6.609 1.00941 0.999 0.90+ 6.2
Bole bark 2.5 - 7.490 0.92503 0.981 0.56* 22.8
Total bole 16.9 - 6.286 0.99323 0.999 0.97+ 5.7

Green weight (pounds)

Bole wood 717 - 2.392 0.97969 0.987 151+ 21.0
Bole bark 127 - 3.042 0.87346 0.988 23+ 17.9
Total bole 8 4 4 - 2.607 0.95724 0.989 159+ 18.8

Dry weight fpounc2.s~

Bole wood 4 6 9 - 2.914 0.99049 0.973 141* 30.1
Bole bark 7 7 - 4.312 0.94977 0.976 20* 26.0
Total bole 546 - 2.693 0.98336 0.979 144’ 26.4
‘Volumes and weights of trees from a l-foot stump to the tree tip, using Ln(Y) -b,+b,
Ln[(D.D++ + D’%)H]; D = dbh, H = total tree height, Ds and Db = bole diameters outside bark at
%H and %H,respectiv_ely.

‘Fit  index = l:O - [C(Y  - Y)’ I C(Y  - y)l], using untransformed values.
‘Se  = [C (Y -Y)’ I (II - 2)]M, using untrausformed vahles.
‘Coefficient of variation = 160  S,  I P.
+Significantly more precise by the F test than b*Dw-H model; a E 0.05.
*Significantly more precise by the F test than D’H modal; a = 0.65.

.
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Table 7.-Local  volume and weight equations for green ash’

Average Fit
Component Y bo b, index’

Volume (cubic feet)
Bole wood 14.4 - 3.060 1.17920 0.940
Bole bark 2.5 - 4.222 1.07848 0.885
Total bole 16.9 - 2.791 1.15993 0.938
Total tree, 22.7 - 2.644 1.17048, 0.928

excluding
leaves

Green weight (pounds)

Bole wood 717 1.062 1.14335 0.904
Bole bark 127 0 .036 1.01914 0.923
Total bole 844 1.367 1.11714 0.915
Total tree, 1138 1.518 1.12431 0.900

excluding
leaves

S,l

6.48”
1.36”
7.57*

11.14

405*
57*

441*
660

C.V.
percent’

45.0
55.6
44.9
49.2

56.5
44.9
52.2
58.0

Dry weight (poarafs)

Bole wood
Bole bark
Total bole
Total tree,

excluding
leaves

469 0 .589 1.15466 0.861 321 68.5
77 - 0.953 1.10694 0.901 41* 53.3

546 0 .784 1.14630 0.873 352* 64.6
733 0 .935 1.15150 0.871 489 66.8

‘Volumes and weights of trees from a l-foot stump to the tree tip, using Ln(Y) = b,+ b, Ln(D’);
D = dbh.

lFit index = 1.0 - [c(Y  - ?)I  I C(Y - %zJ,  using untransformed values.
& = (C(Y - ?)I I (n - 2)]K,‘using untransformed values.
‘Coefficient of variation = 100 S,  I Y.
*Significantly less precise by the F test than D’H  model; Q = 0.05.

Table 8.-Statistics for estimating confidence bounds for green ash  predictions for the bole and
total  tree

corrected sum S,..
Independent Mean of of squares Standard error of estimate
variable - X n X for X’ for tree components’

Bole predictions Wood

Ln(D*) 70 3.155 312.623 Volume 0.2213
Green weight 0.2610
Dry weight 0.2977

Ln(D*H) 70 6.930 501.821 Volume 0.1502
Green weight 0.1949
Dry weight 0 .2257

Ln(D*D%*H) 70 6.647 456.642 Volume 0.0789
Green weight 0.1329
Dry weight 0.1594

Ln[(D.D% + DUH] 70 7.179 429 .668 Volume 0.0593
Green weight 0.1162
Dry weight 0.1378

Bark Total

0.3014 0.2227
0.3127 0.2509
0 .3569 0 .2892
0 .2603 0.1553
0.2942 0.1941
0.3279 0 .2209
0.1994 0.0743
0 .2464 0.1267
0.2696 0.1477
0.1773 0.0405
0 .2283 0.1033
0.2466 0.1202

Total tree predictions Total tree

I.m(D’l 65 3.001 290 .532 Vohune 0.2374
Green weight 0 .2596
Dry weight 0 .2963

Ln(D’H) 65 6 .738 467 .493 Volume 0.1841
Green weight 0 .2088 .
Dry weight 0 .2335

T(X  - k)l in base e logarithmic units.
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APPENDIX

Examples Using the Equations
.

In this section examples are presented to illustrate
use of the equations. The following tabulation gives
data used to illustrate equation use:

D= 21.7 in.
H = 75.0 ft.

D,  = 15.5 in.
D,= 14.8i.n.
D,  = 11.5 in.

Bole wood volume ,(V)  is calculated using X = D’H
and the parameter estimates from table 1 as follows:

Ln(V) = b, + b, Ln(D*H)
= - 5.817 +0.93265  Ln (21.7 x 21.7 x

75.0)
F - 5.817 + 0.93265 Ln (35316.75)
= - 5.817 + 0.93265 (10.472)
= - 5.817 + 9.767

Ln(V) = 3.950
V = e3.950; bole wood volume = 51.9 ft’.

To calculate total green bole weight (W) using
X = D n D,b.  II  and the parameter estimates from table
5:

In(W)= bo+b, Ln(D*DtA*H)
= - 1.301+0.92811  Ln (21.7 x 14.8 x

75.0)
= - 1.301+0.92811  Ln (24087.00)
= - 1.301+0.92811  (10.089)
= - 1.301+  9.364

Ln(W) = 8.063
W = e8.063; total bole green weight = 3175 lb.

To calculate bole dry weight (W) using X =
[(D*D,+ D’, )H] and the parameter estimates from
table 6:

Ln(W) = b, + b, Ln ((D-D,  + DZ,)H]
= - 2.693 + 0.98336 Ln [(21.7  x 11.5 +

15.5 x 15.5) x 75.01
= - 2.693 + 0.98336 Ln ((249.55 -t 240.25)

x 75.0)

= - 2.693 + 0.98336 Ln [489.80 x 75.01
= - 2.693 + 0.98336 Ln [36735.00]
= - 2.693 + 0.98336 (10.511)
= -2.693 + 10.336

Ln(W) = 7.643
W = e7.643; total bole dry weight = 2086 lb.

Merchantable bole estimates to, say, an 8-inch top
are calculated using equation 3 to estimate the mer-
chantable portion of the bole and then multiplying
that proportion (R8) by the predicted bole estimate of
interest. Letting DI = 8.0, X = [(21.7  - 8.OY21.71,  .or
X = 0.631, and from (3):

R8 = [l.O + EXP (0.77188 + 11.26543.(0.631) -
73.62613 (0.631)*+  111.38621(0.631)‘-
59.39594 (0.631)‘)]  -’

= [l.O + EXP (0.77188 + 11.26543 (0.631) -
73.62613 (0.39816) + 111.38621 (0.25124) -
59.39594 (0.15853))]-’

= [l.O+EXP  (0.77188-t-7.10849-29.31498
+ 27.98467 - 9.41604)]-

= [l.O+EXP(-2.86598)1-l
= [LO + 0.05693]-’
= [1.05693]-’

R8= 0.946.
Then bole wood volume to an 8-inch top (VS)  can be

calculated:
V8 = (R8)(predicted  total bole wood volume)

= (0.946)(51.9)
= 49.1 ft’.

Of course, total bole volumes or weights can be cal-
culated using any one of the three sets of parameter
estimates given in tables 1, 5, or 6. Then any of these
total bole calculations can be used with the estimate
of merchantable proportion to calculate merchantable
bole values. The choice of which set of equations to
use is left to the user, who must balance inventory
precision against inventory cost.
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