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METRIC SITE INDEX CURVES FOR ASPEN, BIRCH,
AND CONIFERS IN THE LAKE STATES

Paul R. Laidly, Forest Mensurationist

Grand Rapids, Minnesota
“It is therefore declared that the policy of the Unit- where H = total height of trees in feet,
ed States shall be to coordinate and plan the in- S = site index (height at age 50 years),
creasing use of the metric system in the United A = age in years,

States . . .”?

Site index is the measured or estimated height
of dominant and codominant trees at age 50. It is
widely used both as an indicator of potential site
productivity and as the basis for silvicultural rec-
ommendations for Lake States timber species. The
manager’s handbooks for aspen (Perala 1977),
black spruce (Johnston 1977a), and northern
white-cedar (Johnston 1977b) require an estimate
of site index to use their “Key for Recommenda-
tions”. Yield tables for all Lake States timber spe-
cies require an estimate of site index. Also, site
index curves have been used to estimate mean
height growth of dominant and codominant trees
because they are actually cumulative height
curves.

Lundgren and Dolid (1970) recognized both the
potential error in interpolating between curves
and the need to facilitate electronic data process-
ing of information that required an estimate of
height or site index. They provided mathematical
functions describing published site index curves
for 11 Lake States timber species. The purpose of
this paper is to complement their work by provid-
ing site index equations, curves, and height tables
in metric units.

EQUATIONS

Lundgren and Dolid (1970) described published
site index curves as:

H=b,S( —eb, A)b,
1Metric Conversion Act of 1975, Public Law 94-168.

e base of the natural logarithm,
and b, b,, and b, are estimated
parameters.

From this equation, site index (S) is linearly
related to height (H) at any given age. And H, in
meters, can be estimated by expressing S as height
in meters at age 50. Therefore, the parameter esti-
mates published by Lundgren and Dolid (1970) are
valid for estimating height in meters if site index
is also expressed in meters (table 1). (Site index in
feet can be converted to site index in meters by
multiplying by 0.3048 meters per foot.)

CURVES AND TABLES

The site index curves (figs. 1-9) and height
tables (tables 2-10) were produced from the equa-
tions in table 1. To facilitate the transfer from feet
to meters, the metric site index curves illustrated
in figures 1-9 were chosen to correspond as closely
as possible to the published site index curves in
feet. Tables 2-10 are provided so interpolation be-
tween curves is not necessary.

USE AND LIMITATIONS

Several dominant and codominant trees should
be measured for height and age to estimate site
index. The number of sample trees will depend on
the range of heights and ages in the stand. Gevor-
kiantz (1956) gives a rule-of-thumb for an ade-
quate sample as:

n =5 + R%30




where R = observed range of heights or ages in the
stand.

Site index cannot be properly evaluated if domi-
nant and codominant trees have been affected by
suppression or fire— aspen site index can be un-
derestimated as much as 3 to 5 meters in stands
with a fire history (Stoeckeler 1960). Site index
curves should not be used in extremely dense,
stagnated stands; in very open stands with exces-
sive crown development; or in stands where the
height growth of dominant and codominant trees
deviates widely from the trend illustrated by the
curves (such as in stands that have developed un-
der uncommon soil or climatic conditions). Also,
care must be exercised when estimating site index
in young stands. Site index is the mean tree height
of dominants and codominants at a specific point
in time. Therefore, site index does not change with
time. But, it is not uncommon for the estimate of
site index to change from one measurement to
another, particularly if the estimates are made
when the stand is less than 30 years old.
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Table 1.—Parameters of the equation describing metric site index curves* (derived from Lundgren and Dolid

1970)
Parameters Standard Maximum
Species b, b, error error
------- meters------
Red ping 1.890 ~0.01979 1.3892 19 .43
Jack pine 1.633 —0.02233 1.2419 15 .34
Whits pine 1.966 —0.02399 1.8942 .20 .52
Balsam fir 1.437 —0.02266 0.9381 .21 .58
Black spruce 1.762 —~0.02011 1.2307 .22 .58
Tamarack 1.547 —0.02246 1.1129 .16 .43
Morthern white-cedar 1.973 —-0.01535 1.0895 .20 .52
Aspen 1.480 —0.02140 0.9377 12 .34
Paper birch 1.598 —0.01938 0.9824 10 18

Height = b, (Site index (meters)) (1~eb2 (Age)) bs.




Table 2.— Red pine height as related to site index and age
(In meters)

Site Age (years)
index 20 30 40 50 60 70 80 90 100 110 120
10 4.0 6.2 8.2 9.9 11.4 12.7 13.7 14.6 15.4 16.0 16.5
11 4.4 6.8 9.0 10.9 12.5 13.9 15.1 16.1 16.9 17.6 18.2
12 4.8 7.4 9.8 11.9 13.7 15.2 16.5 17.6 18.4 19.2 19.8
13 5.2 8.0 10.6 12.9 14.8 16.5 17.9 19.0 20.0 20.8 21.5
14 5.6 8.7 1.4 13.9 16.0 17.7 19.2 20.5 21.5 22.4 23.1
15 6.0 9.3 12.3 14.9 17.1 19.0 20.6 21.9 23.1 24.0 24.8
16 6.4 9.9 13.1 15.9 18.2 20.3 22.0 23.4 24.6 25.6 26.4
17 6.8 10.5 13.9 16.8 19.4 21.5 23.3 24.9 26.1 27.2 28.1
18 7.2 11.1 14.7 17.8 20.5 22.8 24.7 26.3 27.7 28.8 29.7
19 7.6 11.8 15.5 18.8 21.7 24.1 26.1 27.8 29.2 30.4 31.4
20 8.0 12.4 16.3 19.8 22.8 25.3 27.5 29.3 30.7 32.0 33.0
21 8.4 13.0 17.2 20.8 23.9 26.6 28.8 30.7 32.3 33.6 347
22 8.8 13.6  18.0 21.8 25.1 27.9 30.2 32.2 33.8 35.2 36.3
23 9.2 14.2 18.8 22.8 26.2 29.1 31.6 33.6 35.4 36.8 38.0
24 9.6 14.9 19.6 23.8 27.4 30.4 33.0 35.1 36.9 38.4 39.6
25 10.0 15.5 20.4 24.8 28.5 31.7 34.3 36.6 38.4 40.0 41.3

Table 3.—Jack pine height as related to site index and age

(In meters)

Site Age (years)
index 20 30 40 50 60 70 80 80 1060

9 4.1 6.0 7.6 9.0 10.1 11.0 1.7 12.3 12.8
10 4.6 6.7 8.5 10.0 11.2 12.2 13.0 13.7 14.2
11 51 7.4 9.3 11.0 12.3 13.4 14.3 15.0 15.6
12 55 8.0 10.2 12.0 13.4 14.6 15.6 16.4 17.0
13 6.0 8.7 11.0 13.0 14.6 15.9 16.9 17.8 18.4
14 6.4 9.4 119 140 15.7 17.1 18.2 19.1 19.9
15 6.9 10.1 12.7 15.0 16.8 18.3 19.5 20.5 21.3
16 7.4 10.7 13.6 16.0 17.9 19.5 20.8 21.9 22.7
17 7.8 11.4 14.4 17.0 19.0 20.7 22.1 23.2 24.1
18 8.3 12.1 15.3 18.0 20.2 22.0 23.4 24.6 25.5
19 8.7 12.7 16.1 19.0 21.3 23.2 24.7 25.9 27.0
20 9.2 13.4 17.0 20.0 224 24.4 26.0 27.3 28.4
21 9.6 14.1 17.8 21.0 23.5 25.6 27.3 28.7 29.8

22 10.1 14.7 18.7 22.0 - 246 26.8 28.6 30.0 31.2




Table 4.—White pine height as related to site index and age
(In meters)

Site Age (years)
index 20 30 40 50 60 70 80 90 100 110 120
10 3.2 5.6 7.9 10.0 11.8 13.3 14.6 15.6 16.4 17.1 17.6
11 3.5 6.1 8.7 11.0 13.0 14.6 16.0 171 18.1 18.8 19.4
12 3.8 6.7 9.5 12.0 14.1 16.0 17.5 18.7 19.7 20.5 21.1
13 41 7.2 10.2 13.0 15.3 17.3 18.9 20.3 21.3 22.2 22.9
14 4.4 7.8 11.0 14.0 16.5 18.6 20.4 21.8 23.0 23.9 24.7
15 4.7 8.3 11.8 15.0 17.7 19.9 21.8 23.4 24.6 25.6 26.4
16 5.1 8.9 12.6 15.9 18.8 21.3 23.3 24.9 26.3 27.3 28.2
17 5.4 9.4 13.4 16.9 20.0 22.6 24.7 26.5 27.9 29.0 30.0
18 5.7 10.0 14.2 17.9 21.2 23.9 26.2 28.1 29.5 30.8 31.7
19 6.0 10.6 15.0 18.9 22.4 25.3 27.7 29.6 31.2 325 335
20 6.3 11.1 158 199 23.6 26.6 29.1 31.2 32.8 34.2 35.2
21 6.6 11.7 16.5 20.9 24.7 27.9 30.6 32.7 345 35.9 37.0
22 7.0 12.2 17.3 21.9 25.9 29.3 32.0 34.3 36.1 37.6 38.8
23 7.3 12.8 18.1 229 271 30.6 33.5 35.8 37.8 39.3 40.5
24 7.6 13.3 18.9 23.9 28.3 31.9 349 37.4 39.4 41.0 42.3
25 7.9 13.9 19.7 24.9 29.4 33.2 36.4 39.0 41.0 42.7 44.0
Table 5.—Balsam fir height as related to site index and age
(In meters)

Site Breast height age (years)

Index 20 30 40 50 60 70 80

9 5.0 6.7 8.0 9.0 9.8 10.4 10.9
10 5.6 7.4 8.8 10.0 10.9 11.6 12.2
11 6.1 8.1 9.7 11.0 12.0 12.8 13.4
12 6.7 8.9 10.6 12.0 13.1 13.9 14.6
13 7.2 9.6 11.5 13.0 14.1 15.1 15.8
14 7.8 10.4 12.4 14.0 15.2 16.2 17.0
15 8.4 1.1 13.3 15.0 16.3 17.4 18.2
16 8.9 11.8 14.1 16.0 17.4 18.5 19.5
17 9.5 12.6 15.0 17.0 18.5 19.7 20.7
18 10.0 13.3 15.9 18.0 19.6 20.9 21.9
19 10.6 14.1 16.8 19.0 20.7 22.0 23.1
20 11.1 14.8 17.7 200 - 21.8 23.2 24.3
21 1.7 15.6 18.6 21.0 22.8 24.3 25.5

22 12.3 16.3 19.5 22.0 23.9 25.5 26.7




Table 6.—Black spruce height as related to site index and age
(In meters)

Site Age (years)
index 20 30 40 50 60 70 80 90 100 110 120
6 2.7 4.0 5.1 6.0 6.8 7.5 8.0 8.5 8.9 9.2 9.4
7 3.2 4.7 5.9 7.0 8.0 8.7 9.4 99 103 107  11.0
8 3.6 5.3 6.8 8.0 9.1 100 107 113 118 122 1256
9 4.1 6.0 7.6 9.1 102 112 120 127 133 137 141
10 4.5 6.6 8.5 101 114 125 134 141 148 153 157
11 5.0 7.3 93 111 125 137 147 156 162  16.8  17.3
12 5.4 80 102 121 137 150 161 170 177 183  18.8
13 5.9 86  11.0 13.1 148 162 174 184 192 199 204
14 6.3 93 119 141 159 175 187 19.8 207 214 220
15 6.8 100 127 151  17. 187 201 212 221 229 235
16 72 106 136  16.1 182 200 214 226 236 244 251
17 7.7 113 144 171 193 212 228 240 251 260  26.7

8.1 12.0 15.3 18.1 20.5 22.5 241 25.5 26.6 27.5 28.3
8.6 12.6 16.1 19.1 21.6 23.7 25.4 26.9 28.1 29.0 29.8
20 9.0 13.3 17.0 20.1 22.8 24.9 26.8 28.3 29.5 30.6 31.4
9.5 14.0 17.8 21.1 23.9 26.2 28.1 29.7 31.0 32.1 33.0
9.9 146 - 187 22.1 25.0 27.4 29.4 31.1 32.5 33.6 34.5

Table 7.—Tamarack height as related to site index and age
(In meters)

Site Age (years)
index 20 30 40 50 60 70 80 90 100 110 120
6 3.0 4.2 5.2 6.0 6.6 7.2 7.6 7.9 8.2 8.4 8.6
7 3.5 4.9 6.1 7.0 7.7 8.4 8.9 9.2 9.6 9.8 10.0
8 4.0 5.6 6.9 8.0 8.9 9.6 10.1 10.6 10.9 11.2 11.4
9 4.5 6.3 7.8 9.0 10.0 10.7 11.4 1.9 12.3 12.6 12.9
10 5.0 7.0 8.6 10.0 11.1 11.9 12.6 13.2 13.7 14.0 14.3
11 5.5 7.7 9.5 11.0 12.2 13.1 13.9 14.5 15.0 15.4 15.7
12 6.0 8.4 10.4 12.0 13.3 14.3 15.2 15.8 16.4 16.8 17.2
13 6.5 9.1 11.2 13.0 14.4 15.5 16.4 17.2 17.8 18.2 18.6
14 7.0 9.8 12.1 14.0 15.5 16.7 17.7 18.5 19.1 19.6 20.0
15 7.5 10.5 13.0 15.0 16.6 17.9 19.0 19.8 20.5 21.0 21.5
16 8.0 11.2 13.8 16.0 17.7 19.1 20.2 21.1 21.9 22.4 22.9
17 8.5 11.9 14.7 17.0 18.8 20.3 21.5 22.5 23.2 23.8 24.3
18 9.0 12.6 15.6 18.0 19.9 21.5 22.8 23.8 24.6 25.2 25.8
19 9.5 13.3 16.4 19.0 21.0 227 . 240 25.1 26.0 26.6 27.2
20 10.0 14.0 17.3 20.0 22.1 23.9 253 26.4 27.3 28.0 28.6
21 10.5 14.7 18.2 21.0 23.2 25.1 26.6 21.7 28.7 29.4 30.1
22 11.0 15.4 19.0 22.0 24.3 26.3 27.8 29.1 30.1 30.8 31.5




Table 8.—Northern white-cedar height as related to site index and age

(In meters)
Site Age (years)
index 20 30 40 50 60 70 80 90 100
6 2.8 4.0 5.1 6.0 6.8 75 8.1 8.6 9.1
7 3.2 4.7 5.9 7.0 7.9 8.8 9.5 10.1 10.6
8 3.7 5.3 6.8 8.0 9.1 10.0 10.8 11.5 12.1
9 472 6.0 75 9.0 10.2 1.3 12.2 13.0 13.6
10 4.6 6.7 8.4 10.0 1.3 12.5 13.5 14.4 15.1
11 5.1 7.3 9.3 1.0 12.5 13.8 14.9 15.8 16.7
12 5.6 8.0 10.1 12.0 13.6 15.0 16.2 17.3 18.2
13 6.0 8.7 11.0 13.0 14.8 16.3 17.6 18.7 19.7
14 6.5 9.3 11.8 14.0 15.9 17.5 18.9 20.2 21.2
15 6.9 10.0 12.7 15.0 17.0 18.8 20.3 21.6 22.7
16 7.4 10.7 13.5 16.0 18.2 20.0 21.6 23.0 24.2
17 7.9 11.3 14.4 17.0 19.3 21.3 23.0 24.5 25.7
18 8.3 12.0 15.2 18.0 20.4 225 24.3 25.9 27.3
19 8.8 12.7 16.0 19.0 21.6 23.8 25.7 27.4 28.8
20 9.3 13.3 16.9 20.0 22.7 25.0 27.1 28.8 30.3

Table 9.—Aspen height as related to site index and age

(In meters)

Site Age (years)

Index 20 30 40 50 60 70 80
11 6.1 8.1 9.7 11.0 12.0 12.8 13.5
12 6.6 8.8 10.6 12.0 13.1 14.0 14.7
13 7.2 9.5 11.5 13.0 14.2 15.2 16.0
14 77 10.3 12.3 14.0 15.3 16.3 17.2
15 8.3 11.0 13.2 15.0 16.4 17.5 18.4
16 8.8 11.8 141 16.0 17.5 18.7 19.6
17 9.4 12.5 15.0 17.0 18.6 19.8 20.9
18 9.9 13.2 15.9 18.0 19.7 21.0 221
19 10.5 14.0 16.7 19.0 20.7 22.2 23.3
20 11.0 14.7 17.6 20.0 21.8 23.3 24.6
21 11.6 15.4 18.5 21.0 229 24.5 25.8
22 12.1 16.2 19.4 22.0 24.0 25.7 27.0
23 12.7 16.9 20.3 23.0 25.1 26.8 28.2
24 13.2 17.6 21.1 24.0 26.2 28.0 29.5

25 13.8 - 184 22.0 25.0 27.3 29.2 30.7




Table 10.—Paper birch height as related to site index and age

(In meters)

Site Age (years)

Index 20 30 40 50 60 70 80
11 5.8 7.9 9.6 11.0 12.2 13.1 13.9
12 6.3 8.6 10.5 12.0 13.3 14.3 15.2
13 6.8 9.3 11.3 13.0 14.4 15.5 16.4
14 7.3 10.0 12.2 14.0 15.5 16.7 17.7
15 7.9 10.7 13.1 15.0 16.6 17.9 19.0
16 8.4 1.4 13.9 16.0 17.7 19.1 20.2
17 8.9 12.2 14.8 17.0 18.8 20.3 21.5
18 9.4 12.9 15.7 18.0 19.9 21.5 228
19 10.0 13.6 16.6 19.0 21.0 22.7 240
20 10.5 14.3 17.4 20.0 22.1 23.9 25.3
21 11.0 15.0 18.3 21.0 23.2 25.0 26.5
22 11.5 15.7 19.2 22.0 24.3 26.2 27.8
23 12.0 16.4 20.0 23.0 254 27.4 29.1
24 12.6 17.2 20.9 24.0 26.5 28.6 30.3

25 13.1 17.9 21.8 25.0 27.6 29.8 31.6
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