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ABSTRACT

Much of the Cumberland Plateau of Tennessee, USA is in mixed hardwoods for which there are no
applicable growth and yield predictors. Use of site index as a variable in growth and yield prediction
models is limited in most stands because their history is not known and many may not be even-aged.
Landtypes may offer an alternative to site index for these mixed stands because they were designed
to include land of about equal productivity. To determine vegetation by landtype, dependency between
landtype and detailed forest type was tested with Chi-square. Differences in productivity among
landtypes were tested by employing regression analyses and analysis of variance(ANOVA). Basal area
growth was fitted to the nonlinear models developed by Moser and Hall(1969). Basal area growth and
volume growth were also predicted as a function of initial total basal area and initial volume with
linear regression by landtype and by landtype class. Differences in basal area growth and volume
growth by landtype were tested with ANOVA. Dependency between site class and landtype was
tested with Chi-square.

Vegetation types seem to be related to landtypes in the study area although the validity of the test
is questionable because of a high proportion of sparsely occupied cells. No statistically significant
differences in productivity among landtypes were found in this study.
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INTRODUCTION AND OBJECTIVES

Stand level yield modeling has been well de-
veloped for even-aged stands of a single species.
However, much planning for forest management
is concerned with mixed species stands with both
even-aged and uneven-aged. Methods for predic-
ting future vields in such stands should be de-
veloped to facilitate forest management planning
(Lynch and Moser, 1986). Much of the Cumber-
land Plateau of Tennessee supports mixed hard-
woods for which there are no applicable growth
and yield predictors. Use of site index as a vari-
able in growth and vield prediction models is
limited in most of these stands because their
history is not known and many are uneven-aged.
Landscape units may offer an altemative to site
index for these stands because they are designed
to include lands of similar productivity.

A landtype is the smallest unit of the land-
scape recognized in a land classification system.
Smalley(1982) delineated 20 landtypes for the mid-
Cumberland Plateau. He described the geology,
soils, vegetation, productivity and management
problems expected within each landtype. Produc-
tivity information was drawn from a variety of
published material and, in some cases, was ex-
trapolated from information applicable to adjacent
areas.

The objectives of this study were :

1. to determine vegetation type and productivity
by landtypes.

2. to develop growth and vield predictors for
mixed hardwoods on the Cumberland Plateau
using landtype as a variable.

LITERATURE REVIEW

In timber management, growth and yield pre-

dictors are basic tools used by foresters to pre-
dict stand volume and density, usually by diam-
eter class, at various ages using initial or inter-
mediate stocking, and site quality class. Mortal-
ity and volume growth for a five or ten year
period can also be predicted from the same stand
variables(Rennie, 1991).

Yield tables have been the primary method
used by forest managers to forecast harvest vol-
umes. Traditionally, yield tables have been pre-
pared for even-aged stands of individual species
or species groups. However, vyield tables are
merely a theoretical standard to which an actual
forest stand may be compared. Consequently,
several problems exist in their application. Other
more effective means may be needed for future
forest management tasks(Society of American
Foresters, 1984).

Yield equations have replaced traditional yield
tables. They are obtained from the mathematical
integration of growth-rate equations, expressed
primarily as a function of stand age(Clutter et
al., 1983).

The Chapman-Richards growth model(Richards,
1959 ; Chapman, 1961) has been used to model
forest growth(Tumbull, 1963 ; Pienaar, 1965 ; Pie-
naar and Tumbull, 1973). The model is derived
from basic biological principles and has proven
to be very flexible in application. Clutter ef al.
(1983) express these relationships symbolically as :

dY/dt = a¥Y? — pY m

where Y = size of the organism, f = time,
@, A, » = constants(a >0, 0<3<1, »>0).

In uneven-aged stands, such as those on the
Cumberland Plateau, stand age has obscure
meaning which causes difficulty in applying yield
functions. Moser and Hall(1969) developed a yield
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prediction model for uneven-aged mixed northern
hardwood and oak-hickory stands in Wisconsin
based on the Chapman-Richards function.

Examination of basal area growth-rate data re-
sulted in selection of equation 2 from a derivative
form of Von Bertalanffy's generalized growth-rate
equation(Richards, 1959).

dB/dt = nB" — kB i, {(2)

where B = initial basal area, ¢ = time, #n, .,
k = constants

Equation 3 relates stand volume to basal area.

Vo= BB e ®
where V = initial net volume, &, b = con-
stants

Differentiating equation 3 with respect to time
yields a relationship(equation 4) that represents
stand volume growth rate.

dV]dt = (BiVB )(dBI @t oo @

Substituting equation 2 in equation 4 yields a
predictor of stand volume growth in terms of
initial volume and basal arealequation 5)(Moser
and Hall, 1969).

dvidi = bVInB™Y = k] i, (5)

Most forest land
developed based on physical features alone, on
vegetation features alone, or on a combination of
physical and vegetation features. The approach
using both physical and vegetation features has
been called in several ways such as the “ecolog-
ical”, “ecosystem”, “biophysical”, or “biogeocli-
matic” approach(Pierpoint, 1984). The holistic
approach of integrating the pertinent ecosystem
components into a classification system was ini-
tiated by Krauss and developed and expanded by
Schlenker(1964) and others(Mithlhausser ef al.,
1983).

An ecological classification system provides a

classifications have been

hierarchical organization for describing the forest.
This system offers operational advantages for both
the information users and the resource specialists
who collect the data(Nelson et al., 1984). Eco-
logical classification draws lines of differences
and similarities between various geographic areas,
thereby enhancing extrapolation from the research
results(Russell and Jordan, 1991).

Smalley(1982 ; 1986 ; and 1991) adapted the Land
System Inventory of Wertz and Amold(1975) in
developing a site classification system for the
Interior Uplands. The system can be described
as a process of successive landscape stratifica-
tions which were based on the author's knowl-
edge of the interaction and controlling influences
of ecosystem components. Landtypes are the
most detailed level of a 5-level hierarchy. They
are visually identifiable areas that have resulted
from similar climatic, geologic, and pedologic
processes(Smalley, 1991). Each landtype is
described in terms of nine elements : geographic
setting, dominant soils, bedrock, depth to bed-
rock, texture, soil drainage, relative soil water
supply, soil fertility, and vegetation. Also, for-
est management interpretations of productivity,
managernent problems, and desirable species are
included for each landtype.

STUDY SITE DESCRIPTION

Physiography and Geology

The Cumberland Plateau is the southern portion
of the Appalachian Plateau, which extends in a
southwesterly direction from the southern New
York to central Alabama, USA where it disap-
pears beneath Coastal Plain sediments. The Plat-
eau(Fig. 1) covers an area of about 11,137, 000kn’
in Tennessee - nearly one tenth of the state
(Luther, 1977). The Plateau rises 243.8 to
609.6m above the Ridge and Valley Province on
the east and 243.8 to 304.8m above the Eastern
Highland Rim on the west(Fullerton and Ber-
nard, 1977). The Plateau gradually decreases in
elevation from north to south(Miller, 1974). Ele-
vation of the Plateau averages about 609.6m,
with some peaks in the Cumberland Mountains
exceeding 914.4m(Springer and Elder, 1980).
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Fig. 1. Physiographic provinces and regions of
the Interior Uplands in Alabama, Ken-

tucky and Tennessee,
1982).

USA(Smalley,

The Cumberland Plateau is capped by level~
bedded, Pennsylvanian sand-
stones, with more easily eroded Mississippian
shales and limestones on lower slopes below the
escarpment(Smalley, 1986). The Plateau has an
undulating surface dissected by young valleys
which become steeper and deeper toward the
Plateau edges(Fenneman, 193%).

The topography of the southern Appalachian
Plateau is due to deformation occurring as early
as Precambrian time, and as recent as the last
major episode(Allegheny orogeny) occurring near
the end of the Paleozoic Era. Sediments collected
along the eastern edge of North America were
buckled and fractured into a long, high ranges
of mountains(Miller, 1974).

The western-most deformations associated with
the Allegheny orogeny occurred as thrust faults
and bedding plane faults along the eastern side
of the mid-Cumberland Plateau. These various
geologic events were responsible for the major

erosion-resistant

structural features associated with the eastern
Cumberland Plateau such as the Cumberland
Plateau overthrust fault, Crab Orchard Mountains
and Walden Ridge, Cumberland Block, Sequat-

chie and Elk Valley(Luther, 1977 ; Miller, 1974).

Climate

The weather of the Cumberland Plateau is
influenced by cold, dry continental air masses
from Canada and warm, moist air from the Gulf
of Mexico(Smalley, 1982). The mean annual tem-
perature of the Plateau is mostly in the range of
12.2 to 13.9C(Springer and Elder, 1980). The
temperature often falls below freezing at night
from December to February. The Plateau has
relatively cooler temperatures than the adjacent
Ridge and Valley, and Eastern Highland Rim
provinces with an approximately -16.1°C decrease
for every 304.8m increase in elevation(Dickson,
1960).

Average annual precipitation of the Cumberland
Plateau is about 1,498.6mn which is higher than
in the Ridge and Valley Province(1,016 to
1,270m /year). Precipitation is well distributed
throughout the growing season in most years.
Since the Plateau has orographic precipitation,
the region sometimes receives more precipitation
during dryspells than adjacent physiographic pro-
vinces(Dickson, 1960).

Due to cooler temperatures, less potential evap-
otranspiration, and more precipitation, soil water
deficits are much shorter and less frequent on
the Cumberland Plateau and in the Unaka Moun-
tains than in other parts of the State for soils
with the same available capacity(Springer and El-
der, 1980). However, tree growth on the Cum-
berland Plateau is reduced due to insufficient
soil moisture for periods of several days up to
six times each growing season(Smalley, 1982).

Soils

Soils of the Plateau formed either directly from
Pennsylvanian-sandstones, siltstones, and shales,
or from materials weathered from them(Springer
and Elder, 1980). Sandstone outcrops are com-
mon on the slopes and cliffs. Much of the Plat-
eau remains in forest(Francis and Loftus, 1977 ;
Springer and Elder, 1980). The soils are for the
most part highly leached Utilsols belonging to
siliceous, mesic families(Francis and Loftus,
1977). Soils vary from deep to shallow ; how-
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ever, most are about 0.6 to 1.2m deep to bed
rock, and are generally well drained, loamy,
strongly acid, and low in natural fertility(Springer
and Elder, 1980). Shortages of nitrogen, phos-
phorous and calcium commonly limit tree growth
(Francis and Loftus, 1977). Physical and chemi-
cal soil properties have been shown to vary
along aspect and slope position gradients(Franz-
meier ef al., 1969).

METHODS AND MATERIALS

Data Collection

Tree and stand data used were provided by the
Forest Inventory and Analysis Work Unit(FIA),
Southern Forest Experiment Station(SFES), For-
est Service, USDA. This unit is responsible for
assessing the forest resources of over a hundred
million acres of forest land in seven south central
states(Alabama, Louisiana, Missis-
sippi, Oklahoma, Tennessee, and Texas), and
Puerto Rico(May, 1989).

Arkansas,

Description of Data
This study utilized two levels of data which
were routinely collected by SFES FIA person-

nel. One is tree level data which consists of
individual tree measurements. The other is plot
(sample location) level data which contains plot
description variables and data from the tree level
preprocessed up to a “per acre” basis for each
sample location(May, 1989). These two data sets
were obtained for the same sample locations for
1980 and 1989.

One plot level variable, site class, described
below, was used in the statistical analysis. Site
class is based on potential yield in cubic feet
per acre at culmination of mean annual growth
in fully stocked natural stands(Todd, 1990).

For this study, FIA personnel also determined
landtype(Smalley, 1982)(Table 1) for each point
at sample locations on the Cumberland Plateau.

Statistical Analyses
Subsetiing of the data

FIA provided 1980 and 1989 data for 399 sam-
ple locations in 16 Cumberland Plateau counties
(Table 2).

Sample locations classified as having signifi-
cant cutting or other disturbances or lacking a
dominant landtype were removed from the data
set. Only 329 sample locations had a single or

Table 1. Summary of landtypes and landtype codes(LT)(Smalley, 1982)

Landtype summary LT
Broad undulating sandstone uplands 1
Broad sandstone ridges - north aspect 2
Broad sandstone ridges - south aspect 3
Narrow sandstone ridges and convex upper slopes 4
North sandstone slopes 5
South sandstone slopes 6
Sandstone outcrops and shallow soils 7
Broad shale ridges - north aspect 8
Broad shale ridges - south aspect 9
Upper shale slopes - north aspect 10
Upper shale slopes - south aspect 11
Lower shale slopes - north aspect 12
Lower shale slopes - south aspect 13
Footslopes, terraces, and streambottoms with good drainage 14
Terrace, streambottoms, and depressions with poor drainage 15
Plateau escarpment and upper sandstone slopes and benches - north aspect 16
Plateau escarpment and upper sandstone slopes and benches - south aspect 17
Lower limestone slopes, benches, and spur ridges - north aspect 18
Lower limestone slopes, benches, and spur ridges - south aspect 19

Limestone outcrops and shallow soils

20
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Table 2. Sample location distribution by county for each subset of analyses

number of sample locations by subset

CT CO
OD 1 2 3 4a 4b 4c ba 5b a¢
BL 7 29 24 16 6 13 16 16 14 23 21
Cu 35 55 40 28 19 26 27 28 36 39 33
FE 49 42 27 21 11 13 17 19 16 22 19
FR al 22 22 15 9 10 15 15 15 22 19
GR 61 29 26 17 11 13 15 17 20 22 21
HA 65 10 8 7 4 6 6 7 7 7 5
MA 115 40 36 26 14 17 18 23 27 28 21
MO 129 41 R 32 16 17 30 31 19 32 24
ov 133 17 14 11 8 4 8 10 5 11 8
PI 137 6 5 4 3 4 4 4 5 5 3
PU 141 12 11 9 7 4 7 7 4 9 9
s5C 151 30 24 20 16 10 17 19 12 20 15
SE 153 24 21 18 10 12 13 17 15 16 16
VB 175 24 21 13 7 11 13 13 15 19 18
WA 177 6 6 5 4 3 4 5 4 5 5
WH 185 12 10 7 5 7 7 7 10 10 10
Total 399 329 249 150 170 217 238 229 290 247

Abbreviations - CT : county, [BL : Bledsoe, CU : Cumberland, FE : Fentress, FR : Franklin, GR:
Gmdy, HA : Hamilton, MA : Marion, MO : Morgan, OV : Overton, PI : Pickett, PU : Putnam, SC:
Scott, SE : Sequatchie, VB : Van Buren, WA : Warren, WH : White], CO : county code, OD : original

data.

dominant landtype and entered step 1 of the sta-
tistical analysis.

In subset 2, sample locations with less than
70% of the 1980 basal area in trees surviving
from 1980 to 1989 were dropped(Table 2).

To reduce variability among sample locations,
only those with an initial basal area of 50sq.ft./
acre were included in subset 3.

Subsets 4a, 4b, and 4c(Table 2) each started
included in subset 2.
Landtypes having 16 or more sample locations

with sample locations
were included in subset 4a. Sixteen was con-
sidered the minimum number of plots necessary
to represent general dominant landtypes over the
Cumberland Plateau.

Similar landtypes were grouped inte landtvpe
classes(L TCL).

LTCL 1 - sandstone uplands{(LT 1).

LTCL 2 - sandstone ridges(LLT 2 and 3).

LTCL 3 - north sandstone slopes(L.T 5).

LTCL 4 - south sandstone slopes(LL'T 6).

LTCL 5 -shale(LT 8, 9, 10, 11, 12, and 13).

LTCL 6 - escarpment and upper sandstone

slopes and benches(L'T 16 and 17).

LTCL 7 - limestone(LL'T 18, 19, and 20).

Those sample locations in landtype classes
with 16 or more sample locations were retained
in subset 4b. sample locations
were grouped into broad categories for contrasts
in analysis of variance.

Sandstone - LT 1, 2, 3, 4. 5. 6, 7, 16, and 17.

Limestone - LT 18, 19, and 20.

Shale - LT 8, 9, 10, 11, 12, and 13.

Outcrops - LT 7 and 20.

Ridges - LT 1, 2, 3, 4, 8, and 8.

North aspect - LT 5, 10, 12, 16, and 18.

South aspect - LT 6, 11, 13, 17. and 19.
Sample locations in landtypes 14 and 15 were

In subset 4c,

removed since they did not fall in any of the
contrast groups.

For analyses of site class and of detailed forest
type, tree category(cutting, mortality and other
causes) was not important because site class and
detailed forest type are plot level wvariables.
Thus, 329 sample locations were again considered
for subsets 5a, 5b, and 5c. In subset ba, sampie
locations were excluded when the number of 1989
sample locations in a landtype was 16 or less. In
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subset 5b, sample locations were removed when
number of 1989 sample locations in a landtype
class was less than 16. To reduce variability
among detailed forest types(FTYPEX), sample
locations were dropped from 329 to 247 in subset
5¢. In this subset, FTYPEX not appearing more
than 19 times in a landtype were excluded. Nine-
teen was selected because it was considered to
be the minimum number that was large enough
to cover general dominant forest types in the
study area. Seven forest type classes(FTCL)
were grouped.
All statistical tests in this study were tested
on probability level 95%( «=0.05).
Regression of growth on initial value
Equations 2 and 5 were fitted using PROC
NLIN(SAS, 1988) for basal area growth and
volume growth over 329 sample locations(subset
2). These models were selected because of their
biological basis and Moser and Hall's(1969) suc-
cess in similar stands. Linear regression of basal
area growth and volume growth on initial basal
area and initial volume, respectively, was run
using PROC GLM(SAS, 1988) by both landtype
and landtype class because of poor results ob-
tained with equation 2.
Tests for homogeneily of regression
coefficients with covariance
Homogeneity of regression coefficients(Steel and
Torrie, 1960) was tested using covariance analy-
sis. Regression coefficients were calculated for
each landtype(subset 4a) and for each landtype
class(subset 4b). Overall regression coefficients
were calculated with PROC GLM(SAS, 1988),
and the estimates of SS(sums of squares)model,
SSerror, SStotal, and degree of freedom(df) were
obtained from the regressions by both landtype
and landtype class.
Estimate of maximum K
Variability among sample locations was high.
Sample locations were grouped into 20sq.ft./acre
classes(basal area class) in landtype(from data
set 4a) and in landtype class(subset 4b). Within-
class corrected sums of squares(CSS) were calcu-
lated. These were summed and subtracted from
the overall CSS. The difference was divided by
the overall CSS and multiplied by 100 to esti-

mate the coefficients of determination for a per-
fect fit, i.e., a model passing through each class
mean,
Amnalyses of variance

ANOVAs were run to test for differences in
basal area growth and volume growth(subset 4c)
between logical groups of landtypes. Contrasts
used were (1)parent material : sandstone, lime-
stone, and shale, and (2)aspect : ridge, north fac-
ing, and south facing slopes.

Contingency lables

Differences in productivity by landtype result
in different distributions of sample locations over
site class(SITEC) among landtypes(LT) or over
SITEC among landtype classes(I.TCL). Contin-
gency tables were constructed with LT and
SITEC(subset 5a), and with LTCL and SITEC
(subset 5b) for 1989 data. Independence was
tested with Chi-square. To determine whether
there were positive relationships between LT and
detailed forest type(FTYPEX) and between L TCL
and forest type class(FTCL), two independence
tests of 1989 data : (VLT and FTYPEX(subset 1)
and (LTCL and FTCL(subset 5¢c) were tested
with Chi-square.

RESULTS

Nonlinear and Linear Regressions
Nonlinear regression of basal area
growth using all 329 sample locations

Fitting the Chapman-Richards model(Equation
2) to predict basal area growth from basal area
resulted in a small coefficient of determination(R?)
and standard errors 5 to 12 times the coeffi-
cients(Table 3, run 1). Also, correlations among
regression coefficients were high with n having
a 0.9997 correlation with k.

In an attempt to reduce the variability, plots
with an initial basal area of 50sq.ft. per acre or
less were dropped. Coefficients were estimated
starting with values based on Moser and Hall's
(1969) results(Table 3, run 2). A second set of
regression coefficients was estimated starting
with an initial range for each coefficient that
included the initial values used in run 2(Table
3, run 3). Although the residual sums of squares
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Table 3. Results of nonlinear regression to predict basal area growth from basal area with Chapman-

Richards model

No. of Sample "y . Estimated  Asymptotic  Residual sum 2/,

Run Loca‘cionsp Initial Conditions Coefficient stangarg error  of squares R'(%)
n= -0.8 to-0.1 by 0.1 -0.587 7.483

1 249 m= 0.75to 1.15 by 0.1 1.118 0.653 8192.970 26.6
= -1.2 to -0.3 by 0.1 -1.211 7.934
n = -0.5 -0.318 28.735

2 150 m= 1.0 1.088 5.751 4521,938 20.8
k= -0.5 -0.692 30.457
= -).8 to -0.1 by 0.1 ~0.747 99.925

3 150 m= (.75 to 1.15 by 0.1 1.049 5.218 4572.530 20.7
k= -1.2 to-0.3 by 0.1 -1.150 101.856

were very similar for these two sums, the esti-
mates of coefficients n and k were quite differ-
ent. As with run 1, the standard errors of the
coefficients were much larger than the coeffi-
cients and the intercoefficient correlations were
all 0.9999. To get R¥Table 3), predicted value
(e.g.. DB) for each plot(location) was calculated.
Deviations of predicted and observed value were
squared and added(residual SS). Finally, residual
SS was subtracted from corrected SS(CSS), and
this value was divided by CSS, and multiplied
by 100. Because of the very poor results with
basal area growth,
volume growth.

no results are reported for

Linear regression of basal area growth
and volume growth by landiype
Basal area growth(DB) was predicted as a
total area(TPBAPA)
with a simple linear model(equation 6) and also
with a model having a linear, quadratic,

function of initial basal
and
cubic term(equation 7). These models were fitted
with data in step 4a(Table 2) to evaluate the
strength of the relationship between basal area

growth and landtype.
DB=5.1281+ 0. 1654 TPBAPA) oo, (®)

DB=4.0295+0.268) TPBAPA) - 0.0023
( TPBAPA)*+0.00002( TPBAPA)® .. )

The simple linear model itself(p-value=0.0001),
intercept(p-value=0.0001), and TPBAPA(p-value
=().0001) were significant. R* was 0.3000. None
of coefficients of the cubic model were signifi-

cant [intercept : p-value=0.2344 ;. TPBAPA : p-

value = 00.1685 ; (TPBAPAY : p-value = 0.5025 ;
(TPBAPA)® : p-value=0.4408].

Similarly, volume growth(DV) was predicted
as a function of a linear term of initial total net
volume(TPNVPA)(equation 8) and as a function

with a linear, quadratic, and cubic term(equation
9.

DV=139. 3446+ 0.2934( TPNVPA) - vovvovvnnrces ®

DV=221.2055—0.2115( TPNVPA) + 2. 6878 x
10*( TPNVPA)*~ 0. 0669 <
0 C TPNVPA)? oo )

The linear model itself(p-value=0.0001), inter-
cept(p-value=0.0006), and TPNVPA(p-value=
0.0001) were all significant. R® was 0.3091. None
of coefficients of the cubic model were significant
except intercept(p-value=(0.02) [TPNVPA :p-
value = 0.9940 ; (TPNVPA) : p-value = 0.2539 ;
(TPNVPA)* : p-value=0.2440].

Linear regression of basal area growth
and volume growth by landtype class

The same procedure used for the landtype was
applied to landtype class. Basal area growth(DB)
was predicted as a function of initial total basal
area(TPBAPA) with a simple linear model{equa-
tion 10) and also with a model having a linear,
quadratic, and cubic term(equation 11). These
models were fitted with data in subset 4b(Table
2) to evaluate strength of the relationship be-
tween basal area growth and landtype class.

DB=5.2958+ 0.1625( TPBAPA) - cvovvivevvenies (10)
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DB=23.7303+ 0. 2976{ TPBAPA) — 0. 0029
( TPBAPA)*+0.00002( TPBAPA)’ ......(11)

The linear model itself(p-value=0.0001), inter-
cept(p-value=0.0001), and TPBAPA(p-value=
0.0001) were significant. R® was 0.2923. The cu-
bic model(p-value=0.0001) was significant. TP-
BAPA(p-value==0.0843) was almost significant,
The other two independent variables were insig-
nificant [intercept : p~value=0.2020 ; (TPBAPA) :
p-value=0.3462 ; (TPBAPA)’ : p-value=0.2966].
R? was 0.2966.

Volume growth(DV) was predicted as a func-
tion of a linear term of initial total net volume
(TPNVPA)(equation 12) and as a function with
a linear, quadratic, and cubic term(equation 13).

DV=154.2930+0.291% TPNVPA) - occcoccin ... (12)

DV=190.9391+ 12. 5429 TPNVPA) + 1. 7560
X107 TPNVPA)*—0.0486 % 1f
CTPNVPA oo oo (13)

The linear model itsel{(p-value=0.0001), inter-
cept(p-value=0.0001), and TPNVPA(p-value==
0.0001) were significant. R* was 0.3080. The cu-
bic model(p-vaiue=0.0001) was significant. The
intercept(p-value==0.0254) was significant. The
rest of the independent variables were not signi-
ficant [TPNVPA : p-value=0.6119 ; (TPNVPA)" :
p-value=0.4031 ; (TPNVPA)* : p-value=(.3492].

373
R® was 0.3114.

Test for Homogeneity of Regression

Coefficient Using Covariance

Simple linear regressions of basal area growth
as a function of initial total basal area and vol-
ume growth as a function of jnitial total volume
were run by landtype and landtvpe class. Re-
gression coefficients for basal area growth and
for volume growth among landtypes and among
landtype classes were homogeneous based on co-
variance analysis(Table 4).

Estimate of Maximum R?

The coefficients of determination for “perfect”
tit are presented in Table 5. The R® values from
linear regression were 55% to 70% of the R*
expected with a “perfect” fit.

ANOVA of Basal Area and Volume Growth

There were no statistical differences among
sandstone, limestone, and shale, or among out-
crops, ridges, and slopes for either basal area
growth or volume growth(Table 6).

Contingency Tables
Chi-square test of landtype(LT) and site
class(SITEC)
Because Chi-square p-value was (.05, the null
hypothesis that LT and SITEC were indepen-
dent was rejected. Dependency suggests that po-

Table 4. Adjusted degrees of freedom(df), reduced sums of squares(SS), and F value(F) from test for

homogeneity of regression coefficient using covariance analysis

by landtype(LT) or landtype

class(ILTCL).
df SS F
LT on basal area growth 6 141.55 0.7334
LT on volume growth 6 477464 .95 1.2485
LTCL on basal area growth 6 135.59 0.6966
LTCL on volume growth 6 438311.94 1.127

Table 5. Comparison of coefficients of determination(R?) for “perfect” fit with R® of simple linear re-
gression for basal area growth and volume growth by landtype(LLT) and landtype class

(LTCL)

LT("perfect” R®: simple linear

regression R?)

LTCL("perfect" R?: simple
linear regression R*)

Basal area growth
Volume growth

50.37% - 30.00%
55.97% : 30.91%

44.95% : 29.23%
48.19% : 30.80%
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Table 6. P-values of contrasts for basal area growth and volume growth.

P-value
Contrast
... basal area growth volume growth
Sandstone vs Limestone and Shale 0.4991 0.8405
Limestone vs Shale 0.1668 0.1670
Qutcrops vs Ridges and Slopes 0.4370 0.1496
Ridges vs Slopes 0.1751 0.1337
North aspect vs South aspect 0.1626 0.2497

tential vield of stands on the Cumberland Plateau

is related to landtypes. However, validity of this

test was questionable since high proportion(49%)

of the cells had expected counts less than 5.
Chi-square test of landtype class(L.TCL)
and stte class(SITEC)

Since Chi-~square p-value was ().147, the null
hypothesis that L'TCL and SITEC were indepen-
dent could not be rejected. They were indepen-
dent,
landtype classes, the relationship between poten-
tial yield and landtypes was weak. Again, vali-
dity was guestionable because 50 percent of the
cells had expected counts less than 5.

Chi-square test of landtype(1.T) and
detailed forest type( FTYPEX)

The Chi-square test of landtype(IL'T) and de-
tailed forest type(FTYPEX) indicated that land-
type and forest type were dependent(p-value <
0.000). This suggested that specific vegetation
types occur on However,
97% of the cells had expected counts less than 5
which raised questions about the validity of this

i.e., when landtypes were grouped into

specific landtypes.

test.
Chi-square lest of landtype class(L.TCL)
and forest type class(FTCL)

To reduce variability among the detailed forest
types, those with less than 19 sample locations
were dropped. The remaining sample locations
with dominant forest types were assigned values
of 1 to 7 for forest type classes(FTCL), A Chi-
square test of landtype class(I.TCL) and FTCL
rejected the hypothesis that LTCL and FTCIL
are independent(p-value < (.000). Therefore, for-
est type classes were related to landtype classes
(Table 7). Again, validity was still questionable
since 86% of the cells had expected counts less
than 5.

Table 7. Number of sample locations by landtype
class(LTCL) and forest type class
(FTCL)

~FTCL ,. ]

rer 1z 3 45 6 7 towl
I 6 8 7 2 2% 0 0 49
2 5 150 2 2 0 3
3 32 40 20 0 1 3
4 4 3 3 2 153 1 3
5 0 1 0 1 11 0 1 1
6 I 3 1 7 23 6 6 47

1 0 1 2 619 5 8§ 41
total 19 19 22 18 126 16 17 247

DISCUSSION

Since landtypes and detailed forest types are
dependent, forest types can be predicted by land-
type on the Cumberland Plateau in Tennessee,
USA. Also, landtype classes and forest type
classes are dependent. However, both have so
many cells with 5 or fewer observation that the
tests are of questionable validity.

The Chapman-Richards model was selected to
predict basal area growth from initial basal area
for this study because of its sound biological ba-
sis and because of Moser and Hall's(1969) success
in similar stands. Predicting basal area growth
with it was not successful in this study, with
low R* values and estimated coefficients having
When the
eliminating low
basal area plots to try to reduce the variability
among them, asymptotic standard error(ASE) in-
creased while residual sum of squares(RSS) de-
creased by about 50% and R® got slightly smaller
(Table 3).

Basal area growth and volume growth was
linearly related to initial basal area and initial

“()” within their confidence intervals,
plot number was reduced by
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volume by landtype and landtype class. How-
ever, the low R’ values indicated weak relation-
ships. It suggests that past stand productivity
on a specific landtypes can be related to future
productivity on the same landtype. However,
the strength of the relationship found here is not
enough to be used in predicting growth.

A test for homogeneity of regression coefficient
using covariance showed that regression coeffi-
cients for basal area growth and volume growth
among landtypes and landtype classes were ho-
mogeneous. It did not support the hypothesis that
there were significant differences in productivity
among landtypes and among landtype classes on
the Cumberland Plateau.

The R? values for the linear regression reached
55-70% of the expected R® values with a “per-
fect” fit.
sions were reliable as a basis for testing hypoth-

This indicated that the linear regres-

esis about productivity.

Also, five orthogonal contrasts among logical
groupings of landtypes demonstrated that there
was no statistically significant productivity dif-
ference among landtypes. This result agreed with
results from the nonlinear regression using the
Chapman-Richards model and the analysis with
linear regression.

Showing that landtype and site class were de-
pendent, a Chi-square test of landtype and site
class suggested that potential yield of hardwood
stands on the Cumberland Plateau was related
with landtypes even though the test was some-
what questionable. However, when the land-
types were grouped to landtype classes, the Chi-
square test did not support the argument that a
positive relationship exists between the produc-
tivity and landtype. The poor relation between
landtype and productivity may be due to a num-
ber of reasons. After initial training of field
crews, no field checking of landtype classifica-
tion was conducted. This possibly allowed mis-
classification of a significant number of plots.
The number of plots in many of the landtypes
may have been too few to separate differences in
productivity from random noise. Finally, there
may not be real differences in productivity among
landtypes.

CONCLUSIONS AND RECOMMENDATIONS

This study suggests that there may be a rela-
tionship between landtype and forest type on the
Cumberland Plateau in Tennessee, USA. How-
ever, there are no significant differences in pro-
ductivity among landtypes and among landtype
classes on the study area. Assuming that land-
type determination by field crews was correct,
this particular analysis suggested that it is not
easy to predict basal area growth and volume
growth on Cumberland Plateau using landtype.
Several explanations can be suggested why no
significant difference was found in productivity
among landtypes. A possible reason may be that
there were too few plots to adequately represent
the many landtypes.

One way of establishing plots can be recom-
mended. For sample plots, select more than 500
distinctive sampling locations having capacity to
grow commercially valuable hardwoods in the
study area. By doing so, disturbed sample loca-
tions can be avoided in advance. Locate each
sample point within each designated landtype
boundary. Establish 14 points within each sample
location so that it can represent more accurately
a landtype of the sample location. Use a grid
pattern to locate sample points so that there can
be an even distribution over the sample location
with points far enough apart to be independent.
At this time, the location of the sample points
results in equilateral triangles with sides of 25m.
Assign a dominant landtype when a plot has at
least 9 points out of 14 with the same landtvpe.
Quality monitoring is recommended.
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