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John D. Shaw and Edmond C. Packee, Agricultural and 
Forestry Experiment Station, School ofAgriculture and Land 
Resources Management, University ofAlaska Fairbanks, 
Fairbanks, AK 99775. 

ABSTRACT: Stem analysis data were obtainedfrom 268 balsam poplar (populus balsamifera L.) and black 
cottonwood (P. trichocarpa Torr. & Gray) trees on 67 sites in interior and southcentral Alaska during 1988
1990for the purpose ofheight and volume growth analysis. A modifiedform ofthe Chapman-Richards growth 
model was used to produce polymorphic site index curves. Wide variations in curve shape, which were evident 
in region-to-region comparisons, required stratification ofthe data. Site index curves for balsam poplar north 
ofthe Alaska Range were produced using one equation and datafrom 35 sites. The remaining 32 sites, located 
south ofthe Range, were divided by landform (fluvial vs. upland). Sites on the middle and upper Susitna and 
Chulitna Rivers were placed in a separate fluvial class, giving three equations for sites south ofthe Range. The 
four equations produce the first polymorphic site index curves for poplars in Alaska. North. 1. Appl. For. 
15(4):174-181. 

Reduced access to forest fiber in the 48 contiguous United 
States and western Canada has prompted the forest products 
industry to look to the North for new sources of wood fiber. 
Interior and southcentral Alaska contain a vast forest fiber 
resource. Growing stock volume of trees 5.0 inches and 
greater is estimated to be 14.25 billion ft3; nine percent or 
approximately 1.3 billion ft3 of the growing stock is balsam 
poplar (Populus balsamifera L.) and black cottonwood (P. 
trichocarpa Torr. & Gray) (Hutchinson 1967). 

Hulten (1968) describes balsam poplar as an interior 
species and black cottonwood as primarily coastal. The two 
are recognized as subspecies by some (Brayshaw 1965, 
Viereck and Foote 1970). However, hybrid trees can be found 
in either environment. The two hybridize extensively in 
Alaska where their ranges overlap (Brayshaw 1965, Viereck 
and Foote 1970). Poplars are primarily early successional 
species. In Alaska they most commonly are found colonizing 
recently deposited river alluvium. Floodplain balsam poplar 
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Fairbanks and the McIntire-Stennis Act. 

forests are the most productive forests in interior Alaska 
(Zasada et al. 1983). 

The information base for balsam poplar and black cotton
wood is limited when compared to the other commercial 
species [white spruce (Picea glauca [Moench] Voss), quak
ing aspen (Populus tremuloides Michx.), and paper birch 
(Betula papyrifera Marsh.)] found in the interior and 
southcentral regions ofAlaska. Taiga forest (Hoffmann 1958) 
ecosystems in Alaska have been studied in detail overthe past 
40 yr, especially in and surrounding the Tanana River flood
plain (e.g.,Lutz 1956, Wilde and Krause 1959, Viereck 1970, 
1975, Van Cleve et al. 1980, 1983, 1991, Viereck et al. 1983, 
Chapin et al. 1986). Although this research has provided 
great insight into successional processes and nutrient cy
cling, basic forest management tools for the species are 
lacking. No published site index curves exist for balsam 
poplar or black cottonwood in Alaska. Yarie and Herman 
(1982) used stem analysis data and an anamorphic approach 
to test for differences in site index curve parameters for 
poplar sites north and south of the Alaska Range. They 
concluded that a single equation could not adequately esti
mate site index for both sides of the Alaska Range. 

This study is part of a program designed to describe the 
growth and yield patterns of tree species found in interior 
Alaska. Objectives include development of site index curves 
and equations, improvement ofindividual tree volume tables, 
development of taper equations, and examination of soil-site 
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relationships. This paper presents site index methodology 
and equations for balsam poplar and western black cotton
wood for both sides of the Alaska Range. 

Areas from which balsam poplar and black cottonwood 
data were obtained include the Northern Forest Formation 
(excluding the Western Interior Zone) and the Kenai Penin
sula and Prince William Sound Zones of the Coastal Forest 
Formation (Zasada and Packee 1995) (see Figure I). 

Methods 

Tree data were collected to permit complete stem analysis. 
Methods were based on those of Johnson and Worthington 
(1963) and Herman et al. (1975). Well-stocked, single cohort 
stands were subjectively selected for sampling. Stands had to 
be minimally 50 yr old (the base age) at breast height; to be 
considered a single cohort, the range of tree ages could not 
exceed 10 yr. Stands with many gaps or large quantities of 
deadfall were avoided. A single representative "plot" was 
established in each stand. 

Four sample trees were selected from each acceptable 
stand. Trees with forks, crooks, flattened or broken tops, 
beaver scars, heart rot, or excessive epicormic branching 
were avoided. Sample trees had to be dominants or codomi
nants showing no external evidence of suppression. Indi
vidual trees were selected sufficiently far apart so as not to 
have directly competed with one another. Sample trees were 
from locations typical ofthe site. At most sites, sample trees 
were selected from an area ofapproximately 0.25 ac; no fixed 
plot shape or dimensions were used in order to minimize 
topographic and soil variability. 

Sample trees were felled for stem analysis. Total tree 
height was measured to the nearest 0.1 f1. At 4 ft intervals 
from a 0.5 ft stump to the tip, a cross-section disk 1 to 2 in. 
thick was removed. Sample disks were numbered by site and 
tree. Disks were allowed to air-dry outside; particularly wet 
or frozen disks were placed in a grain dryer to speed thawing 
and drying. 

Dried disks were sanded with a belt sander using 80 or 100 
grit sandpaper to enhance visibility of decay pockets, knots, 

f;}.s· .ampling locations 

(some dots represent more than one site) 

Figure 1. locations of sample sites. 

and unusual ring patterns (false, missing, suppressed, or 
wavy rings). An average radius, free ofdefects, along which 
rings were to be measured was selected and prepared with a 
surgical scalpel. A few disks (usually from the 0.5 ft section) 
were unreadable due to butt decay. 

Ring increments were counted and measured using a 
Bannister Increment Measuring Machine (Fred C. Henson 
Company 1991) attached to an Apple II computer running 
CompuTA (Evans 1981) ring measurement software. Some 
trees were found to be less than 50 yr breast height age. Only 
the ring counts were used for site index analysis; ring width 
data were retained for future volume and increment analyses. 

Carmean's (1972) method was used to adjust the height 
represented by the innermost ring on each disk. Carmean's 
correction requires two assumptions: (1) height growth for a 
given year has an average rate between the disk of that year 
and the next higher disk and (2) the disk was cut at the middle 
of that year's growth. Adjusted height gives a better estimate 
of total tree height at a given age; this is the height (H) used 
in Equations (1) and (2) below. Height at age 50 was esti
mated for trees less than 50 yr old by extrapolating the height 
growth curve manually with a flexible spline curve. Adjusted 
height-age data were plotted by site on transparencies and 
compared visually. Curve polymorphism between sites was 
clearly evident. In many instances. curves for sites or site 
groups were nondisjoint (they crossed) with other site groups. 
Si tes were alternatively grouped by land resource area (Rieger 
et al. 1979), physiographic division (Wahrhaftig 1965), and 
landform in an effort to find disjoint (noncrossing) curve 
families. Soil type was considered as a stratification level; 
however, many sites were located outside the limits of 
existing soil surveys. This led to the addition of a soil 
characterization phase which will be presented in a future 
paper. 

The Alaska Range was used to segregate the data into 
"north" and "south" units based on curve comparisons and 
the findings ofYarie and Herman ( 1982). Data from the north 
unit (all site types) showed a visually acceptable degree of 
variability and were retained as one subsample. Data from the 
south unit could not be reasonably grouped as a single 
subsample, due to the markedly nondisjoint height growth 
patterns observed. The best stratification that could be made 
was separation of fluvial sites (including alluvial fans) and 
upland sites. Sites on the middle and upper Susitna and 
Chulitna Rivers were considered to be a separate site group 
and were separated from the other southern fluvial sites, 
giving four separate subsamples for analysis. The site groups 
are described as follows: 

Group I-North of the Alaska Range: all sites. 


Group 2-South ofthe Alaska Range: typical fluvial sites. 


Group 3-South of the Alaska Range: upland sites. 


Group 4-South of the Alaska Range: Susitna-Chulitna 
fluvial sites. 

Summary tree data, listed by group, are shown in Table 1. 
Tree data were divided into 5 ft site index classes based on 
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Table 1. 	Summary data for sample trees. 

Data analysis groups 

Group I Group 2 Group 3 Group 4 

No. trees used in analysis 

Height-mean (ft) 

Height-range (ft) 

Dbh-mean (in.) 

Dbh-range (in.) 

Breast height age-mean 

Breast height age-range 


140 
65.3 
39.1-90.5 
10.9 
5.9-18.5 

80.2 

45-160 


adjusted height at 50 yr breast height age. All data from a 
given tree were placed in the same site index class. Using 

nonlinear ordinary least squares regression (Norusisand 
SPSS 1993), we fitted the Chapman-Richards growth func
tion, in the form, 

H = a(1- e-b(age»C (1) 

where 

H = adjusted disk height, 

age breast height age at adjusted disk height, and 

a, b, c parameters to be estimated, 

to the data in each site class. From this we obtained sets of 
parameter estimates for each class and determined "average" 
site index for the class by setting breast height age equal to 50 
yr and solving for site index (height). Parameter estimates 
were plotted, by site group, against site index values of the 
respective 5 ft classes. Figure 2 shows the relationship 
between the estimates of the "c" parameter and the "average" 
site index of each of the thirteen 5 ft site index classes in 
Group 1. For each parameter, there appeared to be a linear 
relationship between parameter estimate and site index. Based 
on these findings, the a, b, and c parameters were replaced 
with linear functions of site index to give a polymorphic 
version of the Chapman-Richards equation. Since breast 
height age was used instead of total age, a constant 4.5 ft was 
added to the equation to constrain the y-intercept. The modi
fied Chapman-Richards equation is 

".. 'P••_lIIr 

P": 

0.' 

Sit. Ind.. (fI) 

Figure 2. Results of regression of height group parameter 
estimates on site index (group 1-c parameter). 
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43 53 	 24 
52.1 73.4 100.5 
27.3-98.5 32.9-97.6 55.4-124.5 
10.3 	 13.7 16.2 
5.5-18.3 7.2-19.8 11.8-24.9 

73.9 69.2 95.7 
43-135 30-118 65-147 

H = 4.5 + (b + b Sf)· (1- e(age)(10+b4Sl)bs+b6S1 (2)l 2

where 

H = adjusted disk height, 

age 	 breast height age at adjusted disk 
height, and 

Sf = site index is height of the tree at 50 yr 
breast height age, and 

b}, b2, h b4, bs, b6 parameters to be estimated. 

The modified equation was fitted to data of each of the 
groups using nonlinear ordinary least squares regression 

(Norusis and SPSS 1993). Starting values for the parameters 
were obtained from linear regressions ofparameter estimates 
on site index values. Different starting values were tried to 
ensure that "short" solutions were not being obtained and that 
the models were stable. Regression results were accepted 
after several successive runs yielded the same parameter 
estimates. 

Results 

Parameter estimates and R2 values for the four groups 
are given in Table 2. R2 values (0.96-0.98) indicated that 
the fits were acceptable. Some parameter estimates were 
not significant (a =0.05). Nonsignificance of a parameter 
occurred in two forms in this model with different impli
cations for each form. If parameter bl, b3, or b5 is not 
significantly different from zero, it merely suggests that 
the relationship of the parameter (a, b, or c in the original 
form) to site index passes through the origin. This prob
ably does not have an important interpretation. On the 
other hand, if parameter b2, b4, or b6 is not significantly 
different from zero, it implies that curve characteristics
asymptote, slope, or shape, respectively-have no rela
tionship to site index. While this is contrary to the results 
obtained in the model building process, it is possible that 
this case could be valid. Improvement of data sets will 
eventually help to correctly establish these relationships. 

Statistical prudence ordinarily suggests dropping non
significant parameters and refitting the model. However, 
since no parameter was nonsignificant in more than one 
group, all parameters were retained in order to keep the 

i / 

http:0.96-0.98


Table 2. Site index equation parameter estimates and 95% asymptotic confidence intervals. 

Rlb l bl b3 b. bs b, 
~----~~~ 

Group I 38.74 0.6782 0.001l45 -0.0004211 0.9569 0.0004131 0.968 
(35.37, (0.6228, (-0.0001046, (-0.0004578, (0.8938, (-0.0005239, 
42.11 ) 0.7337) 0.002395), -0.0003843) 1.020) 0.001350)' 

Group 2 59.58 0.7149 -0.006641 -0.0001655 1.423 -0.005944 0.956 

(44.00, (0.5078, (-0.01042, (-0.0002264, (1.282, (-0.007264, 

75.16) 0.9220) -0.002859) -0.0001046) 1.564) -0.004624) 


Group 3 32.39 0.8132 0.006049 -0.0005010 0.5236 0.009177 0.972 

(25.50, (0.6900, (0.001963, (-0.0006091, (0.3997, (0.006607, 

39.28) 0.9364) 0.01013) -0.0003928) 0.6475) 0.01175) 


Group 4 134.2 0.006973 -0.005674 -0.0001858 2.635 -0.01657 0.979 
(117.0, 
151 O. 

(-0.1767, (-0.007064, (-0.0002164, (2.338, 

a Confidence interval indicates parameter estimate is not significant (u = 0.05). 

models directly comparable. We felt that retaining one averaged by 10 yr age class to check bias in the curves with 
form of the model for all sites would be better than several respect to age (Table 4). 
"regional" forms, at least until the causes for differences The lack ofguarantee that height will be equal to site index 
in curve families from different regions and landforms can when age is equal to base age is a shortcoming of parameter 
be determined to greater satisfaction. prediction site index models. Difference equations (Clutteret 

Polymorphic curves were plotted using the new param al. 1983, Goelz and Burk 1992) have been shown to relieve 
eter estimates. The form of Equation (2) required that site this problem; but, in our study, an exploratory application of 
index estimates be obtained using an iterative method a polymorphic difference form of the Chapman-Richards 
(Biging and Wensel 1985). A BASIC (Microsoft Corp. model yielded unsatisfactory results. The nonlinear regres
1987) computer program was used to calculate site index sion procedure appeared to "converge" appropriately and 
in this study. The program code can be obtained from the give acceptable parameter estimates. However, site index 
senior author. Spreadsheet programs with iterative capa curves produced by the difference equation were extremely 
bility can also solve for site index using our equations. poor representations of the height growth patterns shown by 

Data from individual trees were compared to formulated our data. Until we find a method that can satisfactorily model 
curves and residuals were plotted in order to judge goodness the curve polymorphism and, at the same time, force height 
of fit. Plots for Group 1 (North of the Alaska Range: all sites) equal to site index at base age, the curves must be adjusted 
are provided as examples. Figure 3 shows partial tree data and slightly. 
formulated site index curves, and Figure 4 shows residuals of We suggest using the following procedure to adjust the 
all observations in the group. The "barbell-shaped" residual site index values obtained using our equations: (I) solve for 
plot was expected due to the use of a base-age dependent site index using an iterative method; (2) insert the site index 
model. Height at age 50 yr was calculated to check deviation result into the equation, set age to 50 yr, and solve for 
of predicted height at base age from site index (Table 3). heightso-height at age 50 should equal the site index found 
Differences between predicted and "actual" height (as deter in the first step; however, in reality it is likely to differ 
mined by ring count and height adjustment) at all ages were slightly; (3) divide expected site index by heightso to get a 
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Figure 3. Comparison of tentative site index curves for poplar 
north of the Alaska range with height-age data from group 1. 
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Figure 4. Residuals plot (actual SI-predicted SI) for group 1 data. 
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Table 3. Error predicting height equal to site index at age 50 yr. 

Site index 

20 30 40 50 60 70 80 90 100 

Group I Height @ 50 yr 
Error (aetual SI-predieted SI) 
Error (%) 

20.0 
0.0 
0.0 

29.7 
0.3 
1.0 

39.7 
0.3 
0.8 

49.7 

0.3 
0.6 

59.6 
0.4 
0.7 

69.4 
0.6 
0.9 

78.9 
1.1 
1.4 

88.2 
1.8 
2.0 

97.3 

2.7 
2.8 

Group 2 

Group 3 

Height @ 50 yr 
Error (actual SI-predieted SI) 
Error (%) 

Height @ 50 yr 
Error (actual SI-predicted SI) 
Error (%) 

26.3 
--6.3 

-24.0 

19.0 
1.0 
5.3 

33.7 
-3.7 

-11.0 

29.7 
0.3 
1.0 

41.9 
-1.9 
-4.5 

39.7 
0.3 
0.8 

50.7 
-0.7 
-1.4 

49.7 
0.3 
0.6 

60.1 
-0.1 
-0.2 

59.8 
0.2 
0.3 

69.8 
0.2 

0.3 

69.9 
0.1 

0.1 

79.9 
0.1 
0.1 

80.1 
-0.1 
-0.1 

90.1 
-0.1 
-0.1 

90.4 
-0.4 
-0.4 

100.5 
-0.5 
-0.5 

100.5 
-0.5 
-0.5 

I 
-

Group 4 Height @ 50 yr 
Error (actual SI-predieted SI) 
Error (%) 

18.5 
1.5 
8.1 

26.7 
3.3 

12.4 

36.2 
3.8 

10.5 

46.8 
3.2 
6.8 

57.9 
2.1 
3.6 

69.0 
1.0 
1.4 

79.9 
0.1 
0.1 

90.4 
-0.4 
-0.4 

100.1 
-0.1 
-0.1 

correction factor; (4) multiply the original site index estimate 
by this correction factor to adjust the site index estimate and 
curve to pass through the index age of 50. 

This solution is strictly aesthetic and introduces some bias 
into the curves. Overall bias after curve adjustment is less 
than 0.5 ft within each group, but is higher in some age and 
site index classes. Adjusted curves are shown as light lines 
superimposed on the formulated curves in Figures 5-8. 

Validation 
The stem analysis data used by Yarie and Herman 

(1982) to produce anamorphic curves were used in this 
study as a verification data set. A total of 364 height-age 
observations from 26 trees on 12 sites was available for 
verification. Nineteen trees came from sites along the 
Tanana River, and one tree came from a site on the 
Porcupine River; site index was estimated for these sites 
using the equation for Group 1. The remaining six trees 
came from sites along the Susitna River, so site index was 

Table 4. Site indeK prediction bias by age class. 

estimated using the equation from Group 4 (South of the 
Alaska Range: Susitna-Chulitna fluvial sites). No verifi
cation data were available for site Group 2 (South of the 
Alaska Range: typical fluvial sites) and Group 3 (South of 
the Alaska Range: upland sites). The results obtained 
using the verification are given in Table 5. In Group 1, our 
equation tended to underpredict site index in the lower age 
classes and overpredict site index in the higher age classes. 
In Group 4, opposite tendencies appeared. These differ
ences could be due to specificity of the smaller sample of 
Yarie and Herman or differences in technique. However, 
in spite of apparent zones of upward or downward bias in 
the equations, the overall standard deviations obtained 
with the polymorphic equations derived in this study were 
slightly lower (Group 1: 6.8 vs. 7.1 ft) or equal (Group 4: 
6.2 ft) when compared to the standard deviations obtained 
with the anamorphic equations derived by Yarie and 
Herman. This suggests that the curves developed from our 
effort are valid. 

class 

10-19 20-29 30-39 40-49 50-59 60--69 70-79 80-89 90-99 100-109 110+ All 

Group I n 448 344 268 181 144 106 74 34 24 16 41 
Bias (ft) -0.52 0.20 0.39 -0.09 -0.18 -0.35 -1.04 0.30 -0.05 1.37 2.55 -0.05 
SO 9.04 5.92 4.31 3.17 1.45 3.49 3.77 3.94 5.24 5.21 6.50 6.06 

Group 2 n 185 158 122 93 68 42 33 16 8 8 2 

Bias (ft) 0.11 0.45 0.13 -0.43 -0.40 -1.58 -3.59 -1.03 3.74 10.23 10.88 -0.04 
SO 10.95 6.96 4.53 1.96 1.44 3.10 4.60 5.36 6.28 8.55 1.41 7.08 

Group 3 n 106 76 66 48 31 22 II 12 4 5 
Bias (ft) -0.30 -0.04 -0.61 0.39 0.15 -0.27 -0.41 -0.82 1.83 -2.41 2.41 -0,14 

SO 11.50 7.21 3.38 1.66 0.75 1.36 2.62 3.29 2.86 2,95 7.07 

Group 4 n 72 75 63 54 47 39 23 16 9 9 3 
Bias (ft) 0.92 -0.60 0.82 0.44 1.06 0.39 -0.54 0.19 0.18 -3.13 3.70 -0.33 
SO 11.26 6.39 4.79 2.32 2.08 4.30 4.76 5.59 2.86 6.40 5,40 6.32 
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Figure 5. Site index curves for group 1: north of the Alaska range, 
all sites. 

Application of Site Index Curves 

Site index curves presented here are the results of the first 
attempt to construct polymorphic site index curves for pop
lars in Alaska. Due to the large area covered in the study and 
the wide variety of sites encountered, the data were necessar
ily divided into subsamples that were smaller than desired. 
Guidance is provided here so that the equations derived in this 
study can be applied appropriately. 

We suggest the following operational sampling guide
lines: 

1. 	 A 0.25 ac plot should be located on a single terrain feature 
(terrace, island, slope position) in order to minimize 
variability in soil and moisture conditions. For example, 
in a floodplain stand, avoid sampling trees in abandoned 
channels that may intersect the stand or on a toe slope 
position adjacent to the stand. 

2. 	 Obtain total height and breast height age for the two 
tallest dominant and two tallest codominant trees on the 
plot. Determine site index for each tree individually and 
average site index for the plot. 

Group 1 (North of the Alaska Range: All Sites) 
These curves can be used for all sites north of the 

Alaska Range. None of the data used in curve construction 
were obtained from west of 151 'w longitude, so verifica
tion should be made prior to wide use in that area. Most of 
the data used to construct these curves came from f1ood
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Figure 7. Site index curves for group 3: south ofthe Alaska range, 
upland sites. 
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Figure 6. Site index curves for group 2: south of the Alaska range, 
typical fluvial sites. 

plain stands; data from upland sites were limited to lower 
site classes. Applicability of these curves to high-quality 
upland sites (if they exist) is unknown. These curves 
should perform best on the floodplains of the Tanana Ri ver 
and its tributaries. Predictive ability is lower at ages below 
20 and above 100 yr due to bias in the model and high 
variability of growth patterns in those age ranges. Site 
curves higher than site index 85 ft are extrapolations; any 
observations of site index greater than 85 ft in the Interior 
should be treated with caution. 

Group 2 (South of the Alaska Range: Typical Fluvial 
Sites) 

These curves should be used for all fluvial sites south of 
the Alaska Range except those along the middle and upper 
Susitna and Chulitna Rivers. Data used for curve construc
tion were obtained from sites with a wide variety offluvial 
conditions ranging from the Copper River Basin to the 
coastal areas of the Kenai Peninsula. There is relatively 
wide variation in height growth below 30 and above 90 yr 
of age. Site index values lower that 40 ft were poorly 
represented in the data, so estimates in this range should be 
used with caution. It is likely that some site conditions that 
are markedly d.ifferent from those sampled exist in the 
area; some attempt at local verification should be used 
prior to wide application of these curves. It is also prob
able that sites in this group will eventually be placed into 
more "localized" groups (e.g., Group 4) as additional data 
are obtained. 
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Figure 8. Site index curves for group 4: Susitna-Chulitna fluvial 
sites. 
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Table 5. Site Index prediction bias by age class for data used by Yarie and Herman (1982). 

class 

10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100-109 110+ All 

Tanana I Porcupine n 59 53 49 30 18 14 13 8 II 6 11 
Group I equation Bias (ft) -4.96 -1.24 -{).82 -{).17 -{).04 0.55 1.99 5.76 1.28 6.18 4.70 -{).82 

SO 8.57 6.97 4.87 2.16 1.35 2.79 5.54 5.73 7.30 8.06 8.40 6.80 
Yarie and Hennan Bias (ft) -3.26 -{).59 -{).60 0.08 0.29 0.90 1.90 5.25 0.73 5.27 4.36 -{).29 

Balsam poplar SO 9.72 8.00 5.41 2.12 1.55 3.09 6.28 5.89 7.13 6.40 6.48 7.10 

Susitna River 
Group 4 equation 

n 

Bias (ft) 
\3 
4.55 

12 
0.90 

11 
1.68 

11 
1.18 

9 
0.79 

7 
-{).12 

8 
-{).82 

4 
-1.13 

5 
-3.89 

4 
-8.74 

8 
-7.33 -{).18 I 

SO 8.70 6.74 4.97 2.35 0.91 2.47 4.88 4.39 3.65 6.24 4.62 6.17 
Yarie and Hennan Bias (ft) -{).86 -3.82 -1.59 -{).43 l.05 1.32 1.33 4.18 1.66 -{).86 7.36 0.33 

Black cottonwood SO 7.69 7.63 4.89 1.85 1.17 3.63 5.58 7.36 8.18 10.74 2.96 6.23 -
Group 3 (South of the Alaska Range: Upland Sites) 

These curves should be used for all well-drained upland 
sites south of the Alaska Range. As in Group 2, the data 
used to construct these curves came from a wide variety of 
sites. Markedly different soil conditions are often repre
sented by data from only one or two sites. Again, local 
verification is recommended. There is relatively wide 
variation in height growth below 30 yr of age. There was 
some evidence that a few of the stands included in the 
sample were the result of some past human disturbance. 
This suggests that site index of old field stands, for ex
ample, can be estimated with these curves. It is probable 
that sites in this group will also be placed into more 
"localized" groups as additional data are obtained. 

Group 4 (South of the Alaska Range: Susitna
Chulitna Fluvial Sites) 

These curves should be used for fluvial sites along the 
middle and upper Susitna and Chulitna Rivers. The data 
used to construct the curves for this group comprised the 
smallest subsample used in the study. These curves per
formed well using the independent data which contained 
ages between 10 and 149 yr breast height age and site 
index values between 57.5 and 96.9 ft. There is a slight 
tendency to underpredict site index at ages less than 20 yr 
and overpredict site index at ages greater than 90 yr (see 
Table 3). 

Poplars in Alaska occur under a wide variety of physi
cal conditions. Sensitive measures of site, such as site 
index, are difficult to apply when little is known about the 
factors that affect it. This study has begun to quantify the 
expression of site factors by modeling height growth 
patterns. Now that polymorphic site index curves are 
available, poplar site quality can be estimated more objec
tively and accurately. This information will facilitate lo
cation of additional sampling sites so the site index data
base for poplar can be improved. 

Literature Cited 

BIGING, G.S., ANDL.C. WENSEL. 1985. Site index equations for young-growth 
mixed conifers of Northern California. Northern California Yield Coop. 
Res. Note No.8. University of California, Berkeley, CA. 14 p. 

BRAYSHAW, T.C. 1965. The status ofblack cottonwood (Populus trichocarpa 
Torrey and Gray). Can. Field-Nat. 79(2):91-95. 

ISO NJAF 15(4) 1998 

_:. 


CARMEAN, W.H. 1972. Site index curves for upland oaks in the Central States. 
For. Sci. 18(2): 109-120. 

CHAPIN, F.S" III, K, VAN CLEVE, AND P,R TYRON. 1986. Relationship of ion 
absorption to growth rate in taiga trees. Oecologia 69(2):238-242, 

CUJITER, J.L., J.C. FORTSON, LV, PIENAAR, G.H. BRISTER, AND RL BAILEY. 
1983. Timber management: A quantitative approach. Wiley, New York. 
333 p. 

EVANS, R. 1981. CompuTA measure and pulse counter (Operator' s Manual). 
CompuTA Systems and Software, Monterey, CA. 14 p. 

FRED C HENSON COMPANY. 1991. Instruments and apparatus applicable to 
tree-ring analysis and other investigations requiring rapid incremental 
measurements, Fred C Henson Co., Inc., Mission Viejo, CA. 

GOELZ, J.C.G., AND TE. BURK. 1992. Development of a well-behaved site 
index equation: Jack pine in north central Ontario. Can. 1. For. Res. 
22:776-784, 

HERMAN, F.R., DJ. DEMARS, AND R.F WOOLARD. 1975. Field and computer 
techniques for stem analysis of coniferous forest trees, USDA For. Servo 
Res. Pap, PNW-194. 51 p. 

HOFFMANN, R.S. 1958, The meaning of the word "taiga." Ecology 39:540
541. 

HULTEN, E. 1968. Flora of Alaska and neighboring territories: A manual of the 
vascular plants, Stanford University Press. Stanford, CA, 1008 p. 

HUTCHINSON,O.K. 1967, Alaska's forest resource. USDA For. Servo Res. 
Bull. PNW-J9. Inst. of Northern For., Juneau, AK. 74 p, 

JOHNSON. F.A., ANDN,P, WORTIlINGTON. 1963. Procedure fordevelopingasite 
index estimating system from stem analysis data. USDA For. Servo Res. 
Pap. PNW-7. 10 p. 

LUTZ, HJ. 1956. Ecological effects of forest fires in the interior of Alaska. 
USDA Tech, Bull. 1133, 121 p, 

MICROSOFf CoRP. 1987. Microsoft BASIC Compiler for MS OS/2 and MS
DOS Operating Systems, Version 6.0, BASIC Language Reference. 
Microsoft Corp., Redmond, W A, 533 p, 

NORU SIS, MJ., AND SPSS INC. 1993, SPSS for Windows Advanced Statistics 
Release 6.0, SPSS Inc" Chicago, IL. 578 p. 

RIEGER. S,' D.B. SCHOEPHORSTER, AND CE. FURBUSH. 1979, Exploratory soil 
survey of Alaska. USDA Soil Conservation Service. 213 p. 

VAN CLEVE. K., FS. CHAPIN III. CT. DYRNESS. AND L.A. VIERECK. 1991. 
Element cycling in taiga forests: state factor controL Bioscience 41(2):78
88. 

VAN CLEVE, K., C.T. DYRNESS, AND LA. VIERECK. 1980. Nutrient cycling in 
interior Alaska floodplains and its relationship to regeneration and 
subsequent forest development. P. 11- I 8 in Forest regeneration at high 
latitudes, Proc, of Internat. Workshop. Murray, M., and R,M. Van 
Veldhuizen (eds.). USDA For. Servo Gen. Tech, Rep. PNW-107, 

VAN CLEVE, K" ET AL 1983, Taiga ecosystems in interior Alaska. Bioscience 
33( 1):39-44. 

VIERECK, L.A. 1970. Forest succession and soil development adjacent to the 
Chena River in interior Alaska. Arct. Alp. Res. 2( I): [-26. 

VIERECK, LA 1975. Forest ecology of the Alaska taiga, In Proc. of the 
Circumpolar Conf. on Northern Ecology, Nat. Res. Counc. of Canada, 
Ottawa, Ontario. Canada, 645 p. 

, / 



I 

VIERECK, LA., AND J.M. FOOTE. 1970. The status ofPopulus balsamifera and 
P. lrichocarpa in Alaska. Can. Field-Nat. 84: 169-173. 

VIERECK, LA., e.T. DYRNESS, K. VAN CLEVE, AND MJ. FOOTE. 1983. Vegeta
tion, soils, and forest productivity in selected forest types in interior 
Alaska. Can. J. For. Res. 13(5):703-720. 

WAHRHAFTlG, C. 1965. Physiographic divisions of Alaska. USGS Profes
sional Paper 482. U.S. Gov. Print. Off., Washington, DC. 52 p. 

WILDE, S.A., AND H.H. KRAUSE. 1959. Soil-forest types of the Yukon and 
Tanana Valleys in subarctic Alaska. Univ. of Alaska, Alaska Agric. Exp. 
Sta. Rep. 15 p. 

YARIE, J., AND F.R. HERMAN. 1982. Preliminary site index equations and site 
quality comparisons for Tanana River balsam poplar and Susitna River 

black cottonwood. Unpub!. rcp. Coop. Agree., Univ. ofAlaska Agric. and 
For. Exp. Sta. and USDA For. Servo lnst. of North. For., Fairbanks, AK. 
19 p. 

ZASADA, J.e., R.A. NORUM, R.M. VAN VELDHUIZEN, AND e.E. TEUTSCH. 1983. 
Artificial regeneration oftrees and tall shrubs in experimentally burned 
upland black spruce/feathermoss stands in Ala..,ka. Can. 1. For. Res. 
13(5):909-913. 

ZASADA, J.e., AND E.e. PACKEE. 1995. The Alaska region. P. 559--606 in 
Regional silviculture of the United States, Barrell, J.W. (cd.). Ed. 3. 
Wiley, New York. 

r 

NJAF 15(4) 1998 181 

(/ 


