
FITTING DISTRIBUTIONS TO DIAMETER AND HEIGHT DATA

FROM EVEN-AGED STANDS OF PINUS RADIATA

by

Robert Ian Forrester

A thesis submitted to the Australian National University
/

as part requirement for the degree of Master of Science.

April, 1981



Unless it is stated otherwise in the text 
to the contrary, the material contained in 
this thesis is a product of my own work.



(i)

C O N T E N T S

1
2
3
4
5
6

7
8 

9

CONTENTS.................................. (i)
ACKNOWLEDGEMENTS . ................. (ii)
SUMMARY ..................................(iii)
Introduction ..............................
The Data ..................................
The 8i - $2 Plane ..........................
Maximum Likelihood Estimation ............
Kolmogorov-Smirnov Test for Goodness of Fit . 
Results of Maximum Likelihood Estimation and 
the Test for Goodness of Fit ..............
(a) The Diameter Data ..................
(b) The Height Data ....................
Estimation of Bivariate Distributions . . . .
Results for SUT5 Distribution..............

D jD

Discussion........................ .. . . .
REFERENCES . . .
TABLES and FIGURES

1
4
8

12
23

26
26
32
38
42
44
48
50



UlJ

Acknowledgements

I thank Dr I. Ferguson who suggested the topic, 
provided the data and gave many valuable suggestions. 
I also thank Mr P. Winer for several useful 
discussions.



V. j- J- J- J

Summary

The data used in this study were obtained from forty 
even-aged yield plots of P. radiata from the Kowen plantation 
in the Northeast corner of the Australian Capital Territory.
The trees were planted between 1927 and 1944 and measurements 
of diameter and height were made on all plots on three or 
more occasions between 1955 and 1971 inclusive.

In this dissertation the six univariate distributions, 
normal, lognormal, gamma, beta, Weibull and Johnson's SD,D

are fitted to the 149 measurement data by plot data sets.
As a means of comparing the relative fits of these 
distributions, sums of the ranks of the maximized log-likelihood 
values, for the six distributions on 149 data sets, were 
obtained. The Kolmogorov-Smirnov goodness of fit statistic 
was also calculated for these distributions and the sums of 
the ranks of these obtained. There was very little agreement 
between these two methods of assessing the relative adequacy 
of the distributions of interest, for either the diameter or 
the height data. Hence it appeared that, for this data, 
there was little difference overall between any of the six 
distributions.

Some of the reasons for the difference between the 
results of fitting these distributions to the Kowen data, 
and earlier reported work on similar data, is discussed.
The Kowen plots were thinned at various times between 1955 
and 1971 and this appeared to have a lasting effect on the 
diameter and height distributions. The number of trees 
measured in these plots is relatively quite small, and this 
had a marked effect on the parameter estimation, particularly 
for the three parameter distributions.
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Bivariate Sß (Sgg distribution) distributions and 
bivariate normal distributions were fitted. The Sgg seemed 
to be largely inappropriate for this data. In view of the 
confused situation regarding the best univariate distribution 
to use, it was decided, in the interests of simplicity, to 
choose the normal distribution to represent the univariate 
data. The bivariate normal could be used, with caution, to 
represent the diameter and height data simultaneously.



1 . Introduction

Considerable work has been done on fitting distributions 

to diameter data in both even-age and mixed-age stands of 

trees. See for example Bailey and Dell (1973), Bailey 

(1974) , and Schreuder and Swank (1974) . There are several 

references to earlier work in these papers. Bailey and 

Dell, and Bailey discuss in detail the fitting of two and 

three parameter Weibull distributions to diameter data.

Bailey states that diameter is generally well correlated 

with other variables of interest such as tree volume. He 

asserts that the quantification of the distribution of 

diameter, and its relationship to site, stand composition, 

age and density is often valuable for both economic and 

biological purposes.

Schreuder and Swank used the two parameter Weibull 

distribution to summarize diameter, basal area, surface 

area, biomass and crown profile data for several different 

ages of white and loblolly pine plantations. They found 

that the data for these variables were easily summarised by 

this one distribution in a theoretically consistent fashion. 

This was evidently not possible with the normal and gamma 

distributions, and the lognormal gave less satisfactory 

results. They then assert that the distribution function 

should prove useful in modelling tree stands since only the 

parameter values need to be changed over time for the above 

variables. The change in these parameter values, they say, 

may be a good way to characterize and interpret changes in

stands over time.



More recently, Hafley and Schreuder (1977), have fitted 
six distributions to both diameter and height data for even- 
aged stands of shortleaf pine, longleaf pine and loblolly 
pine. The distributions they chose were the normal, lognormal, 
gamma, beta, Weibull and Johnson's Sg. They conclude that 
overall the Johnson's Sg distribution gave the best performance 
in terms of the log likelihood criterion.

In another paper Schreuder and Hafley (1977), extend 
their results from the univariate work to an examination in 
detail of the bivariate Johnson Sgg distribution in its 
application to diameter/height data. The rationale for 
endeavouring to fit bivariate distributions to diameter/ 
height data from forest stands is explained quite succinctly 
in the Introduction to Schreuder and Swank's paper:

"An important problem in forestry is the prediction 
of stand yields in volume on the basis of stand age, 
productive capacity of the site, and stand density.
Forest managers are interested in studying the effect 
of such stand management practices as thinning and 
fertilization on volume in pulpwood, sawtimber, and 
veneer. The volume in each of these products is heavily 
dependent on tree diameter and height distributions.
For example, a given stand volume consisting of small 
trees may be entirely pulpwood; whereas, the same 
volume in a few large trees may be primarily sawtimber. 
Hence, there is considerable interest in the successful 
fitting of a bivariate statistical distribution to 
describe diameter-height frequency data. Current



practice is to fit a marginal distribution to the 
diameter frequency data and then use an empirical 
height - d iameter relationship to estimate average height 
per diameter class and thence volume. Although this 
latter approach is satisfactory in many ways, it ignores 
the fact that height can vary considerably for a given 
diameter. This is especially important in older, 
commercially more important stands. Hence, the possibility 
of generating a bivariate distribution of diameters and 
heights for a stand would often be of interest to 
managers".



The Data2 .

The data were obtained from forty* even-aged yield 
plots of P. vadiata from the Kowen plantation in the 
Northeast corner of the Australian Capital Territory 
(A.C.T.). The trees were planted between 1927 and 1944 
and measurements of diameter and height were made on all 
plots in 1955/56, 1962 and 1971, with additional measurements 
made on some plots in 1958 and 1967. In Table 1 the plot 
code, the year of planting, the measurement dates and the 
number of trees are given.

Measurements (in cm) of diameter at breast height over 
bark (DBHOB) were made using a girth tape; breast height 
is 1.3m (4.25 feet) above ground level. Total height 
(in m) of the trees was measured by Haga Altimeter, with 
two readings being taken from different positions. In the 
case of leaning trees, the vertical component was taken 
as the tree height. The measurements of tree diameter are 
quite accurate. The height readings, however, have quite large 
measurement errors associated with them. There were 8056 
pairs of measurements made on tree height and of these 253 
(3.14%), the difference between the two values was greater 
than 1.5m. In 27 measurements (0.34%) this difference 
between the two heights was greater than 3m. As expected most 
of the more disparate readings occurred with plots containing 
older and taller trees. One obviously erroneous measurement 
of tree height was corrected in the data set.

* The last few sets of data were lost from plot
40 and all of the plot 41 data, during a transfer 
between computers.



Thinning was carried out progressively on the 
plots over time, however the first thinning was not 
carried out on a plot until the trees were 15 years of 
age. The thinning that was carried out in 1956 was 
quite light. This can be seen by looking at the tree 
numbers per plot given in Table 1. Usually the trees 
that were thinned, on each occasion, were those with the 
smallest diameter. In some instances thinning could remove 
up to 50% of the trees from a plot. The time when the plots 
were thinned relative to the time of measurement of the plots 
may have a profound effect on the nature of the distribution 
of the diameter and height values. If several years had 
elapsed between the time of the last thinning and the 
measurement of the diameter and height then the distributions 
of these variables might be expected to have stabilised again 
for that plot. Generally speaking the plots were thinned 
after the measurements were made so that thinning should 
not have a profound affect on the diameter and height 
distributions.

There is one occurrence in the data set where a plot 
was measured on two consecutive days, before and after 
thinning. The plot involved is 350601, which was measured 
on 13/5/71 when it had 68 trees and also on 14/5/71 when 
it had 19 trees. Histrograms for the distribution of 
diameter and height before and after thinning are given in 
Figures 1 to 4. The change is more noticeable for the 
diameter data (Figures 1 and 2), where there is a negatively 
skewed distribution before thinning and a positively skewed
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distribution after thinning. It is also apparent that it is 
not only the smallest diameter trees that have been thinned 
on this plot. However, in general it is predominantly the 
smallest diameter trees that are removed when thinning a plot.

In a number of sets of data there appeared to be an 
abnormally large number of height measurements where both 
readings were the same. This siutation is illustrated in 
Figure 5, which is a histogram of the proportion of trees 
on a plot for which both the height readings are the same.
The plots and measurements dates involved are listed in 
iable 2. There are two possible explanations for this; 
either there was only one height measurement taken in the field, 
or there were two readings taken, but only the mean value 
recorded. In both instances the recorded height was coded 
twice on the data sheets prior to the entry of the data into 
the computer. Hence the height data for these data sets will 
have greater variability than that for the other data sets.

All subsequent data analyses have used the mean of the 
two tree height measurements as the observed value of 
tree height.

In order to obtain some insight into the distribution 
oi the data, histograms were plotted for a few of the data 
sets. Figures 6 and 7 are histograms for the diameter and 
height values for the first plot, 31A501 planted in 1941 
and measured 23/1/56. Histograms for another plot, 31A601 
planted in 1941 and measured 22/1/58 are given for diameter 
and height variables in Figures 8 and 9 respectively. None 
of the Figures appear to represent a normally distributed set 
of data, although, save for some slight bimodality, the 
data in Figure 8 seem closest to normality. From these
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figures we can also see that we have to deal with data that 
can be either positively or negatively skewed.

To illustrate the relationship between the diameter and 
height measurements, a bivariate plot for the first set of 
data (31A501, measured 23/1/56) is given in Figure 10.
Note that there appears to be a tree here with a rather low 
value for its diameter. This may reflect breakage which is 
common in trees with double leaders (forks of comparable 
size) .
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3. The ß]-ß2 Plane
Before proceeding to fit univariate distributions to 

the diameter (DBHOB) and height data, we should look 
in some detail at the sample moments for this data and 
endeavour to assess the suitability or otherwise of these 
distributions. The distributions that we will look at are 
the normal, lognormal, gamma, beta, Weibull and Johnston's

SB *
t hLet us define as the r sample moment about the 

mean of the distribution of a random variable x with density 
function f(x). That is

f 00yr = I (x-E (x)) 1 f (x) dx .
- OO

In addition to the mean yi1 and the variance y2, we
have two coefficients which are functions of lower order
moments. The first is the skewness coefficient /FT which

3/2is defined as y 3/C y 2) , and the second is the kurtosis
2

coefficient £2 defined as yu/yi2 . Skewness measures the 
departure of the distribution from symmetry about the mean, 
with negative values of /FT indicating a distribution with 
a long tail to the left, and positive values indicating a 
distribution with a long tail to the right. On the other 
hand kurtosis is considered to be a measure of the peakedness 
of a distribution with larger values of £2 indicating a 
more peaked distribution.

The moment estimators of /FT and $2, for a sample of 
size n, are

/F zi (xi - X ) 3

{Xi(Xi - X) 2 }3/2/BT =



The variances are 6n(n-1) i _̂__24n(n-l)2 ___
(n-2)(n+1)(n+3) c (n-2)(n-3)(n+3)(n+5)

for /bi and b2 respectively, Fisher (1970).

Values of the sample moments and the values of /bi 

and b2 with their standard errors, for the diameter and 

height data from Kowen are given in Tables 3 and 4 respectively. 

In these Tables the plot codes used in Table 1 do not appear. 

However the plots are in the same order, with the results for 

all measurement dates on a plot given consecutively. That 

is the first three lines in Tables 3 and 4 are the results 

for the three measurement dates on plot 31A501, and so forth. 

There are a couple of points to notice in these Tables.

Firstly for the height data, almost all (84%) the values of 

Sbi are negative, whereas for the diameter data, both negative 

and positive values occur almost equally often (44% to 56%). 

Secondly, it is fairly obvious that for the majority of the 

149 data sets for both variables the value of the skewness 

coefficient would not be significantly different from zero.

In order to demonstrate the range of the skewness-and 

kurtosis coefficients covered by the various statistical 

distributions, authors have often used a graph of the Bi-ß2 

plane; for example Johnson and Kotz (1970a) and Hafley and 

Schreuder (1977). The sample values of bi and b2 for the 

diameter data have been plotted in Figure 11. In this 

diagram I have indicated the possible values of and ß2 

that the six distributions we are interested in can take.



There is an impossible region on this graph where it is 
mathematically impossible for certain combinations of ßj and 
ß2 to occur. The normal distribution is represented by a 
point in this plane, whereas the lognormal, Weibull, and 
gamma distributions are all represented by lines, thus 
illustrating their greater flexibility over the normal in 
their ability to adequately represent data. The beta 
distribution is even more flexible since it is represented in 
the ßj - ß2 plane by the area between the impossible region 
line and the gamma distribution line. The Sg distribution is 
one of three distributions proposed by Johnson (1949a).
These distributions are transformations of a standard normal 
variate, and together the three of them span the ßj - ß2 
plane. The Sg distribution spans the area between the 
impossible region line and the lognormal line; the Sg 
distribution is the three parameter lognormal distribution; 
and the Sy distribution covers the remainder of the 31 - g2 
plane. Therefore the Sg distribution is a little more 
flexible than the beta in the range of values of skewness 
and kurtosis that it can represent.

It is worth noting at this stage that the gamma and 
lognormal distributions can only adequately represent 
positively skewed data. From Figure 11 we are not able to 
discern which points represent negatively skewed data and 
which represent positively skewed data.

Figure 12 contains the corresponding results for the 
height data.



In both Figures 11 and 12 there are some data sets 
represented by points lying above the lognormal line. That 
is these points are from sets of data where the skewness is 
relatively small compared to the kurtosis. This situation 
does not appear to occur with the data of Hafley and Schreuder. 
Table 5 enumerates the plots and measurement dates where 
this has occurred for our data set and we can see that there 
are more points for the height data than for the diameter 
data. One possible explanation for this is that there may 
be a second population of small trees that are managing to 
survive below the main canopy. Data from these data sets 
may be more adequately represented by an distribution, 
although this was not attempted since the number of data 
sets involved is relatively small. Furthermore many of the 
points, particularly for the height data, are actually quite 
close to the lognormal line.



4. Maximum Likelihood Estimation
To enable comparisons to be made between the fit of 

each of the distributions of interest to the data, we will 
fit each of them using maximum likelihood. We can compare 
values of the maximized likelihood function for these 
distributions and assess their relative fits. Since the 
calculation of the likelihood function itself is quite 
difficult, we will concentrate as is usual on the log of the 
likelihood, which has a maximum at the same parameter values 
as the likelihood.

(a) Normal distribution
The probability density function (p.d.f.) for a normal 

distribution with mean y and variance a * 2 is

The likelihood function for a random sample of size
n is

f(x) = -t—  -jj{(x-u)/a}
/ o  __ _ ^

2

- 00 < X , y < ° o ,  a 2 > 0 .

L = n 
i = 1
n

Hence the log of the likelihood is

£ in 2tt- n £no

where £n is the natural logarithm.
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Differentiating £ with respect to the parameters y 

and 0 2 , and equating the resultant two equations to zero, we 

can solve to obtain the well known maximum likelihood 

estimates for the normal distribution,

Ä n 
y = E X .

1 = 1_____
n

-1 n
a 2= —  E ( X .-y ) 

i = l

(b ) Lognormal distribution

For a three parameter lognormal distribution with 

location parameter 0 we have the p.d.f.

1 ' 7a2Wn(x-0)-y>2
f(X) = ----- HI—  e

( x -  0 ) / 2 r r  a

x > 0 , - °°< y <°°, a2>0 .

If 0 were known (usually it is zero), we then have a 

two parameter lognormal distribution. That is, if z^=£n(x^-0) 

then we obtain the density function

f(z) 2 G 2 (z-y)
e Z / 2 TT a

Hence the likelihood for a random sample of size n is

n
n

i = l JlTT G
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and we obtain the M.L.E.’s of the parameters of

y 1_
n

n
E

i= 1
Z .i

n
E

i = 1
( Z j - v )2

If 6 were unknown we have the likelihood

n , - YJ2 Un(X.-e)-y) 2
L = n --------— —  e

i = l (X^-0)/2tt ct

From the log of this likelihood we can obtain the equations 

for estimating the parameters y and a2 of

1 ny = y(0) = — Z [£n(X^-0)]
i = 1

a2 = a2 (0) = “■ E {£n(Xi-0)-y (0) }2
i = 1

Johnson and Kotz (1970a) suggest that these could be 

solved by taking a sequence of values of 0, calculate the 

maximized log-likelihood corresponding to each, then try 

to estimate numerically the value 0 of 0 which maximizes 

the maximized log-likelihood. They refer to a paper by 

Hill (1963) who has shown that this procedure runs 

into trouble since the maximized log-1ikelihood tends to 

infinity as 0 tends to min (Xj,X 2 ,..•,X ). The M.L.E. of 

0 should really be < min(XjX2,...,X ). Hill shows that we



should solve the above two equations subject to the 

constraint that

i b

n X . - 0 •, n , .
z s,n[nTgy] ( x i -e) = - z (x.-e) 1 O2 (0) 

i = 1 1 J i = 1

where G(0) = £n[ n (X^-0)]n .
i = l

This reduces to

__1_
o 2 (0)

E (X-- 0)~1 [ £ n ( X •-0)-y(e)] + E (X.-0) 
i=l 1 1 i=l 1

0

where y(0) ~  z sin(x.-e)
n i = l 1

(c) Gamma distribution

The three parameter gamma distribution, with location 

parameter 0 has p.d.f.

-(x-0)/ß
f(x) = (x-0)“"1 -5----

ß r ( a ) a , ß > 0
x > 0 ,

and where r (a) is the gamma function.

When 0 is 0 (the most usual case) we obtain

xa-!e-x/ß
f(x)

ß a r ( a )



and this has likelihood

i=l ßaT(a)

The log likelihood is then

1 n n
£ = E X. -n Jin r (n) + (a-1) E £nX. - an£nß

3 i = l 1 i=l 1
and we can obtain the two equations (in the two unknown 

parameters)

-1- E £nX- = £nß + p(a) n • i i i = l

a $ X.l

where q ('. ) is the digamma function, viz. q (a) r (a) r (a)

Eliminating ß we obtain

T 1 i /N

— E £nX. - £n X = q(a) -£n a , 
i = l

and since
11 n _ n

£n X - - E £nX. = £nX - £nn(X.)n n . i . ) i J
l - l  i = l

we have

arithmetic mean (X., , . . . ,X )------------------------ h— 1 = p n n
geometric mean(X^,...,X ) q (a)



Several approximations have been suggested for the

value of a (Johnson and Kotz, 1970a). One such 

approximation is due to Thom (1968) and is as follows:

- 1 nif Y = £nX - - E £nX.n . , i i = l

then an approximation for a is

a = iy (1 + /1+ jY) .

If 8 is unknown then we would have to obtain the 

M.L.E.'s of the three unknown parameters from the following 

equations obtained from the log-1ikelihood.

n
E £n (X - - 0) - n £ n ß - n q (a ) = 0 
i = l . 1

n
E (X. - 0) ~ n a8 = 0 

i = l 1

E (X--0)"1 + n/{8(a-1)} = 0 
i = 1 1

These can be solved iteratively.
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(d) Beta distribution

When the range parameters a and b are unknown, we have 

the p.d.f. for a beta random variable of

f(x) 1____
B(p,q)

(x-a)p ~1 (b-x)p"1 , 
(b-a)p+p_1

a <  x < b 
p, q > 0,

where B(p,q) is the beta function.

For a random sample of size n the likelihood function is

L =
n
n

i = l
1___ (Xi-a)p_1 (b-Xi)q‘1 

(b- a)p+c*~ 1

and hence the log-likelihood is

£ = -n £n[B(p , q) ] + (p-1)

n
+ (q-1) E £n(b-X.) - 

i = l 1

n
z n (X - - a) 

i = 1

n(p+q-1)£n(b-a)

If the values of the range parameters a, and b are known 

then we obtain the likelihood equations for the parameters 

p and q :

a a -a -j n X . a
b(p) - M p  + q) = S ^

i = l

* Ä ~ l n b-X.
4- (q) - i|i(p+q) = „ ~)

i = 1

where q is the digamma function.
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Johnson and Kotz (1970b) state that we can solve these 

equations iteratively for p and q. They further state, 

that if a and b are unknown, then the M.L.E.'s of all 

four parameters can be obtained by using a succession of 

trial values of a and b, until a pair (a,b) for which the 

maximized log-1ikelihood is as great as possible, is attained.

(e) Weibull distribution

The p.d.f. for a three parameter Weibull distribution 

is
f(x) = c(x-e)L~]- e - [ (x- 6) /b ] c 

bc

where 0 is the location parameter, x  >  6 >  0 ,

b is the scale parameter, b > 0 ,

and c is the shape parameter, c > 0 .

The likelihood for a random sample from the two parameter 

Weibull distribution with 6=0 is

nn
i = l

cX.l
c - 1 [Xi/b]

Bailey and Dell (1973) say that the M.L.E.'s of the parameters 

can be obtained by iteratively solving

n n Ä .
[ E X.Li>n X. ] / [ E X.C ] - i 
i=l i=l 1 c

n
E Än X 

i = 1

for c and then solving

n c
[-1- E X .  ]C 
n i = 1 1

for b
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Details of the estimating equations for the three parameter 

case are given in Harter and Moore (1965). They outline 

an iterative technique for solving these equations.

The log-1ikelihood for the three parameter model is

n n X . - 0
i = n Hn c - nc ln b + E (k-1) £n (X . - 0) - E (—-r--) C

i=l 1 i=l D

(f) Johnson's Sg distribution

Johnson (1949 a) proposed three distributions, which 

together span the 31~ 32 plane. As mentioned earlier 

the one we are interested in is the Sg distribution.

Let z = y + 6 £n )

where z is a unit normal variable and £ < x < % + X . 

Using the change of variable technique we can obtain the 

p.d.f. for the variable x.

That is f(x) 1__ 6 A_________
/ 2 7r (x-£)(£+X-x)

i[Y + 6̂ n(Î ) i 2

where the variable x is said to have and Sg distribution. 

When the range parameters £ and X are both known, then 

Johnson has shown that closed form estimates of y and 6 

can be obtained.

viz. y 6 1
s where y 1

n
n
E

i= 1 *

(Yi-y) 2

£n
x .1 - K

?+X-xi

and
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The likelihood function for a random sample of 

size n from an Sg distribution is

L
nn
i = l

_____ 5X___________
/27(Xr S) (C + X-Xp

e
I [ Y + ä £n (^+A-X. •)]

2

The log-likelihood is

n
£ = n £n Ü  - y £n 2ir - 2 Än(X.-£)

i = i

n
E £ n U  + A-X.) 

i = l 1
1
2

n X.-C 2
• V Y + 5 in^FlCX7)]1=1  ̂ 1

(g) General method of estimation

For each of the distributions above, where closed form 

maximum likelihood estimates of the parameters do not exist, 

a specific iterative method can be used to obtain these 

estimates. However, rather than write a program for each 

of the iterative methods outlined above, it was decided to 

reduce the amount of programming required and utilize a 

general minimization routine. The minimization technique 

used is the simplex method of Neider and Mead (1965). This 

has been programmed by Shaw (1971, unpublished) in a 

Fortran subroutine called MINIM. The maximum likelihood 

estimates are the parameter estimates which minimize 

"minus the log likelihood function". Simplex is not the 

fastest minimization technique available (and it would 

be unlikely to be as fast as the specific iterative



techniques mentioned earlier, but it does have the advantage 
that partial derivatives of the function being minimized, 
with respect to the parameters, do not have to be provided.

If requested, MINIM will fit a quadratic surface in 
the region of the minimum. The coefficients of this polynomial 
form the Hessian matrix of the second derivatives of the 
function being minimized. It is well known that if the 
function being minimized is minus a log likelihood function, 
then the Hessian matrix is the information matrix and its 
inverse is the variance-covariance matrix. Hence approximate 
standard errors (S.E.'s) for the parameter estimates can be 
obtained from MINIM, if desired.



5. Kolmogorov-Smirnov Test for Goodness of Fit

In order to assess the adequacy of fit of the six 

distributions to the diameter and height data, we also 

used a Kolmogorov-Smirnov test, Massey (1951) in addition 

to the value of the maximized likelihood.

Suppose we have a population which is thought to 

have some specific cumulative frequency distribution function 

Fq (x ). That is, the value of Fq (x) is the proportion of 

individuals in the population having values less than or 

equal to a particular value x. For a random sample of N 

observations we would expect its cumulative step function 

to be quite close to the specified distribution function

Now F q (x ) is the population cumulative distribution 

function, and if S^(x) is the observed cumulative step

of observations less than or equal to x ) , then the 

sampling distribution of d = maximum | F^ (x) - S^T (x) | is 

known, and is independent of Fq (x ), if F q ( x ) is continuous.

Massey tabulated critical points for the distribution 

of d for various sample sizes.

The population cumulative distribution functions for 

the six distributions of interest were computed using 

the following methods.

(i) Normal We have $ (u) = P (U <  u)

function of a sample (S^(x) = — , where n is the number

1__
/ 2u

u
dte



where U has a standard normal distribution. For a 
normal distribution X with mean y and variance a2, 
we have P^(X < x) = P (U < —^) . An approximation due 
to Hastings is

1 2 3 ZL - 4
<3? (u) # 1 - ~ 2  (1+ a 1 u + a 2 u + + )

where a1=.196854, a2=.115194, a3=.000344, a4=.019527

and u > 0.

(ii) Lognormal We can obtain the cumulative distribution 
from that for the normal, using the transformation
U=(logx - y)/a.

(iii) Gamma Johnson and Kotz (1970a) give the following 
approximation, due to Wilson and Hilferty (1931), for the 
X2 distribution;

Pr(x̂  < x) = $[{(x/y)3 - 1 - }/9y/2 ]

We can obtain the result for the general gamma distribution,
x — 0using the transformation y = . That is x = 0 + 3y .

Note that y=2a and that 0=0 for the two parameter gamma 
distribution. The approximation is very good if y>30 
(ie a>15), Abramowitz and Stegun (1965) . Only 6 of the 
298 estimated values of a are less than 15, and of these 
the smallest two are just under 10. Hence it seemed 
quite reasonable for us to use the approximation.
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(iv) Beta Johnson and Kotz (1970b) suggested an 
approximation to the incomplete beta function ratio.
However this approximation breaks down completely if either 
or both of p and q are less than 0.5. This does occur
in a few data sets and so it was necessary to use a more 
exact procedure, I used the IMSL routine MDBETA which is 
a Fortran program based on the Collected Algorithms from 
A.C.M., algorithm 179, Ludwig (1963).

(v) Weibul1 The cumulative distribution function is
F (x) =1-exp[ - { (x-9)/ct }c] , Johnson and Kotz (1970a).

(vi) Johnson's Sg We can obtain the cumulative distribution 
function from the normal using the transformation
U =y +6 log (—~—— ), where £ = 0 for the diameter data and

+ A - X
1.3 for the height.
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6. Results of Maximum Likelihood Estimation and the
Test for Goodness of Fit
The minimum value for DBHOB was set at 0 cm for 

all data sets. Further the minimum value for height was 
set at 1.3 m; that is the height at which the diameter 
measurement was made. These seem reasonable lower bounds 
as we are trying to fit distributions to a number of data 
sets on different aged trees. Hence we are estimating 
two parameters for normal, lognormal, gamma and Weibull, 
and three parameters for the beta and Johnson’s 
distributions. Therefore estimates of the parameters of 
the normal and the lognormal and the values of their 
log -1ikelihoods could be obtained directly, and for the gamma 
the Thom approximation could be used. For the other three 
distributions the parameter estimates and the values of the 
maximized log-1ikelihood were obtained using MINIM.

Most of the computations carried out in this section 
were performed on a PDP 11/34 computer.

(a) The Diameter Data
Initially the second range parameter (upper limit 

for the range of the data values), for the beta and 
distributions was set to be maximum (observed diameter on 
the plot) + 5 cm. The values of the maximized log-likelihood 
for all six distributions and all 149 sets of data were 
calculated. For the distribution we obtained the M.L. 
estimates directly (see earlier section). In order to 
obtain insight into the overall performance of each of the 
distributions the following procedure was used. For each
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data set the six 1og-1ikelihood values were ranked (largest 

to smallest) and the sum of these ranks calculated for 

each distribution. The values obtained were: normal, 434;

lognormal, 587; gamma, 472; beta, 429; Weibull, 644;

Sp,, 563. Hence we conclude that overall the beta distribution 

was the best performer, the normal the next best and so on.

The Kolmogorov-Smirnov (K-S) statistic d was calculated 

for all distributions and all plots. Values of d were ranked 

(smallest to largest) and the sums of these ranks obtained 

for each distribution. The values were: normal, 406; 

lognomal, 457; gamma, 413; beta, 556; Weibull, 624;

Sg, 673. From these summed ranks we could conclude that 

the best performer was the normal distribution, the gamma 

the next best, and so on.

If we now estimate the second range parameter, for 

the beta-and Sß distributions, we encounter difficulties 

with several data sets. Not suprisingly the problems occur 

where there is positive skewness in the data. The log- 

likelihood surface has a long ridge where it is close to 

its maximum value for a wide range of values of the range 

parameter. In order to overcome this problem the values 

of the range parameter were constrained to lie between the 

maximum observed diameter + 0.0001 cm, and an upper limit 

derived from the relationship

maximum diameter = 10.0 + 62.353 (1-exp(-.098 (age- 7.546))) , (6.1



Since there was no relationship that we could find in 
the literature, relating maximum tree diameter on a plot 
to tree age for p. radiata, it was necessary to obtain a 
suitable relationship from the data we had available.
This was done as follows. In Figure 13, the maximum observed 
tree diameter for each of the 149 data sets was plotted 
against tree age. Since we were interested in setting an 
upper bound for diameter on plots of a certain age, then 
eight points, arrowed in this figure, were chosen and a 
Mischerlich curve was fitted. This seemed to be a 
reasonable model for this data with no apparent systematic 
trend in the residuals from the fitted model. In order to 
be satisfied that we were setting a reasonable upper bound 
for the iteration procedure to work within, an addition of 
10 cm was made to the value of the maximum diameter obtained 
from the Mischerlich model. This upper bound is plotted on 
Figure 13.

For the beta distribution, the estimated value of the 
second range parameter, b, was almost identical to the 
value obtained for maximum diameter from the above relation
ship (6.1) in 74 of the 149 data sets. In all but two of 
these 74 data sets, the data had positive skewness. For 
the two with negative skewness, (data sets 87 and 88), the 
estimated value of skewness was just less than zero. 
Altogether there were 83 sets with positive skewness, but 
for some of these the value of the skewness parameter was 
barely greater than zero, (see Table 3).



The iterative procedure in MINIM failed to converge 
satisfactorily for 23 of the sets of data. All of these 
were data sets where the estimated second range parameter 
from the iterative procedure, was the maximum diameter 
for trees of that particular age on that plot, (obtained 
from the equation 6.1 given above). Recall that the plots 
consist of equal aged trees. It would seem that for 
these 23 data sets, there is a long ridge in the likelihood 
surface, where a large change in the magnitude of the 
second range parameter will have very little effect on 
the value of the log-1ikelihood. This is quite a common 
problem encountered when fitting nonlinear models to data. 
Also it is quite likely, that for some of the other data 
sets where the second range parameter estimate was the same 
as the maximum plot diameter, that there is a ridge in 
the log-likelihood surface. However the iterative 
procedure in MINIM did converge in our situation where we 
were constraining the value of the second range parameter. 
Fortunately for the diameter data and the beta distribution 
there are not to many instances where MINIM failed to 
converge satisfactorily.

Another serious problem is one that arises when the 
quadratic surface near the minimum (maximum of the 
log-likelihood function), does not approximate the actual 
surface. When this occurs we obtain estimated standard 
errors for the parameter estimates that are unreasonably 
large. This was quite a serious problem for the beta 
distribution, since in 40 of the data sets the estimated
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Standard error for one or more of the parameters was 
considered unreasonably large (i.e. greater than 10.0).
In many of these 40 data sets all three parameters had 
large standard errors associated with them.

Now let us look at the results for the distribution
D

There were 71 data sets where the estimated value of the 
second range parameter, X, was almost identical to the 
value obtained from the equation for maximum diameter.
In all buu three oi these /1 data sets the data had positive 
skewness. Once again for those with negative skewness 
(data sets 87, 88 and 120), the actual value of the 
estimated skewness was just less than zero. MINIM failed 
to converge satisfactorily for 31 of the sets of data, all 
but three of which were from plots where the estimated 
second range parameter was the maximum diameter for trees of 
that particulai age on that plot. for the distribution

D
there weie 26 data sets where the estimated errors, for one 
or more of the parameters, were considered to be rather large 
(i.e. greater than 10.0). The second range parameter 
accounted for 25 of these 26 instances.

The values of the maximized log-likelihood for the six 
distributions we are comparing are given in Table 6.
The log-likelihood values for the beta and Sß distributions 
are those for the three parameter distributions we have 
just been discussing. These log-likelihood values were 
ianked for all 149 sets of data and the sums of these 
ranns found fox the six distributions. The values 
obtained are: normal, 555; lognormal, 627; gamma, 517;
beta, 379; Weibull, 691; Sß, 360.



We also calculated the value of the K-S statistic 
d for the three parameter beta and distributions. 
Values of d, for all six distributions are given in 
Table 7, together with the critical value for the 5% 
significance level. The critical values of d were 
obtained from Table 1 of Massey (1951). For five data 
sets the calculated value of d exceeded the tabulated 
value for at least one the the six distributions. The 
beta and were not in this category.

The six K-S values of d were ranked for all 149 
data sets, and the sums of these ranks for the six 
distributions calculated. The values obtained were: 
normal, 499; lognormal, 471; gamma, 428; beta, 523; 
Weibull, 701; SR, 507.



(b) The Height Data
The value of the second range parameter for fitting 

the beta Sp distribution to the height data was 
initially set to the maximum(height) + 5 m. Values of 
the maximized log-likelihood were obtained for the six 
distributions of interest for the 149 sets of data. The 
six log-likelihood values for the distributions have been 
ranked for all data sets and the sums of these rankings 
calculated, The values obtained were: normal, 534;
lognormal, 769; gamma, 644; beta, 385; Weibull, 429;
Sp, 368. We can see from these rankings that overall, the 
best performer appears to be the Sp distribution, closely 
followed by the beta. As expected the lognormal and 
gamma distributions, which are unable to adequately fit 
negatively skewed data, were the worst overall performers.

As before, for the diameter data, we also calculated 
the values of the K-S statistic d, ranked them for each 
data set, and calculated the sum of these ranks. The 
values obtained were: normal 451; lognormal, 578;
gamma, 510; beta, 459; Weibull, 633; Sg, 498. Hence the 
best performer appeared to be the normal distribution, closely 
followed by the beta. The worst performers were the 
Weibull and lognormal distributions.

If we now estimate the second range parameter, for the 
beta and Sp distributions, we encounter a similar 
difficulty to that mentioned earlier for the diameter data.
For the height data we constrained our second range parameter 
to lie between the maximum observed height + 0.0001 m and
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an upper limit derived from the relationship
0 7maximum height = 4.57 x age ' , which is due to

Allison et. al. (1979). This equation enables the
maximum height attainable for a tree in a stand of given 
age, to be calculated.

The above relationship was obtained from data from 
New Zealand plantations of P. vadiata. It is well known that 
the relationship of height to age is dependent on site 
quality. Furthermore it would be very unlikely that the 
Kowen site in the A.C.T. was of the same quality as the site 
in New Zealand, from which the above relationship was 
derived. Hence it may not hold for Australian data, or for 
the A.C.T. data in particular. However that does not 
really present any problems for us here, since we are only 
seeking a reasonable upper bound for the second range parameter 
to use in our iteration procedure with MINIM. In Figure 14 
the New Zealand relationship is plotted on the same graph as 
the maximum tree height observed on the plots. From this 
figure we can see that by using this relationship that we 
might be overestimating the maximum attainable height for 
trees in the Kowen plots.

In fitting the beta distribution the estimated value 
of the second range parameter, b, was identical to that 
obtained from the above relationship in 12 of the 149 data 
sets. (For a further two data sets it was very close.)
These 12 data sets all had positive skewness, although 
altogether there were 24 data sets with positive skewness 
(some barely so). For 21 data sets the iterative procedure 
in MINIM failed to converge satisfactorily. Of these,



8 were data sets in common with those whose estimate of
the second range parameter was the maximum for trees of that
particular age on that plot. It would seem that, for
these 8 data sets, there is a long ridge in the log-1ikelihood
surface where a large change in the magnitude of the second
range parameter will have very little effect on the value of
the log-1ikelihood. Fortunately for the height data and the
beta distribution there are not really very many plots
that cause this problem.

As mentioned earlier another problem is the one 
that arises when the quadratic surface near the minimum 
(maximum of the log -1ikelihood function), does not approximate 
the actual surface, and thence we obtain estimated standard 
errors for the parameters that are unreasonably large.
This was quite a serious problem for the beta distribution, 
since for 42 data sets the estimated standard error for one 
or more of the parameters was unreasonably large, (i.e. greater 
than 10.0). In many of these data sets all three parameters 
had large standard errors associated with them.

The situation for the Sg distribution was a little 
different. There were 19 data sets where the second 
range parameter, A ,  was set almost identical to the value 
obtained from the New Zealand relationship, (one other value 
was quite close) . Once again all 19 data sets in question 
had positive skewness. For 8 data sets MINIM failed to 
converge satisfactorily. All of these 8 were in common 
with the 19 above. There were only 15 plots where the 
estimated standard errors for the parameters of the Sg
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distribution were considered to be unreasonably large 

(i.e. greater than 10.0), markedly fewer than for the beta 

distribution. For the Sg distribution the second range 

parameter accounted for 13 of these 15 instances.

The values of the maximized log-1ikelihood for the six 

distributions we are interested in are given in Table 8.

The log-likelihood values for the beta and Sg distributions 

are those for the three parameter distributions we have 

been discussing above. As before we ranked these log- 

likelihood values for all 149 sets of data and found the 

sum of these ranks for the six distributions. The values 

obtained are: normal, 567; lognormal, 780; gamma, 658;

beta, 287; Weibull, 543; Sg, 294.

We also calculated the value of the K-S statistic 

d for the three parameter beta and Sg distributions. Values 

of d for .all six distributions are given in Table 9, together 

with the critical value for the 5% significance level.

As mentioned before the critical values of d were obtained 

from Table 1 of Massey (1951). For 10 data sets the 

calculated value of d exceeded the tabulated value for at 

least one of the six distributions. All distributions, 

except the Sg, were in this category.

The six K-S values of d were ranked for all 149 data 

sets, and the sums of these ranks for the six distributions 

calculated. The values obtained were: normal, 436;

lognormal, 541; gamma, 475; beta, 580; Weibull, 612;

Sß , 485.
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We can see (Table 10) that., for both height and 
diameter data, there is not a great deal of agreement between 
the sums of the rankings obtained for the log-likelihood 
values and those obtained for the values of the K-S statistic d.

Table 10 Comparison of Rankings 
(3 parameter beta and distributions)

Normal Lognormal Gamma Beta Weibull SB
Log-
Likelihood

5 5 5 4 627 5 517 3 3 7 9 2 6916 36Q1

K-S d 
statistic 499 3 4 712 428 1 523s 7015 50 7 4

Log-
Likelihood

5 6 7 4 78 0 6 658 s 2 8 71 543 3 2 9 4 2

K-S d 
statistic 4361 5414 4 7 5 2 580 5 612 6 485 :

This is rather disappointing since we are not now in 
a position to be confident about any particular distribution 
being better than any other, as a suitable overall distribution 
to represent diameter and height data.

There are several reasons for these conflicting 
results. For each data set, if we look closely at the 
relative magnitude of the six figures in the tables of the 
maximized log-likelihood and K-S statistic d, we can see 
that in many instances there is very little difference amongst 
them. This is the case for both the diameter height data.



Relatively small changes in the values of the 
log-likelihood, or in the values of d, for one or more 
distributions, could lead to quite a marked change in the 
ranks, the sums of these ranks, and thus our interpretation 
of what is the best distribution.

The number of trees measured in all data sets 
is really quite low. In less than 10% of the data sets 
we have more than 100 trees measured for diameter and 
height. Furthermore 27 data sets (i.e. 18.1%) had measurements 
made on fewer than 30 trees. Hafley and Schreuder (1977) 
had more than 100 trees in all their data sets, and for four 
of their 21 sets of data more than 500 trees were measured. 
Since the number of trees measured in our data sets is lower 
than that in Hafley and Schreuder, then the distributions of 
the diameter and height measurements we have are likely to be 
less well defined.

For a data set where values of maximized log-likelihood 
are nearly the same for all six distributions, we could say 
that all six fit the data equally well. However it might be 
more correct to say (in the light of a relatively small 
number of observations), that all six distributions fit almost 
equally poorly.
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7. Estimation of bivariate distributions
In seeking to fit bivariate distributions to 

diameter and height data we must bear some points in 
mind. Firstly we would like to choose a bivariate 
distribution such that its marginal distributions were 
univariate distributions of the same distributional 
form. Secondly it would be desirable that the distribution 
be relatively easy to fit in terms of parameter estimation, 
and thirdly, we would like the distribution to be reasonably 
easy to work with.

We will look briefly at two distributions that meet 
these criteria.

(a) The bivariate normal distribution
The probability density function for a bivariate 

normal distr ibutuion in two variables , X,-, is

f (x xx 2) =
2 ir / 1  - p ^

where E(X^) = y^ , Var(X^) = a? ,(i=l,2) , and

the correlation between X^ and X^ is p.
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It is well known that the maximum likelihood estimators for 
the five parameters are :

i z x. .
j=l 1J a? = - E (X..-X.)2 with i=l,2, i n . t 13 iJ * *j =1 J

and
E (Xi - x p  (X -X2)
3 = 1 J________ _________ x
{ 2 (X..-X )2 E (X,,-X?)2}7 
j=l 3 j=l 1

(b) The bivariate Sg distribution, the Sgg distribution

The Sgg distribution, Johnson (1949b) , has probability 
density function

f(Zj,z2) r 1 r 2 2 2 ,,exp ---- 2 ^zi" pzlz2 zl^2 7T /1 " p 1 ^(1-p4-)

where ẑ  and are standard normal variates
defined by

D-S
Z1 = Y1 + 61 Zn ?1+ 1̂~D-

and
H" £ 2

2 = t2 + «2 £n (pyx-if

with D=diameter and H=height.
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In our case ^  and are the smallest values of
diameter and height, and A ] and A ? are the range of 
values for diameter and height respectively. For the 
V̂BB distribution, both marginals are Sg distributions.

The method for fitting the Sgg distribution is 
quite straightforward, Johnson 1949b. Briefly, we 
obtain estimates of the parameters for the marginal Sg 
distributions, transform the observation pairs to 
standard normal variates and then calculate the estimate 
of the correlation between these two transformed variates.

Schreuder and Hafley (1977) discuss the fitting of 
the gg distribution to forestry diameter and height 
data. One of the properties of interest for the 
distribution, they point out, is the regression relation 
between height and diameter. Since the usual mean 
regression is complicated, they suggest using the median 
regression which takes the relatively simple form

y2 = ey-, ̂  (i-y1)(|) + ey^ } -1
where

^ 2 = (H-52)/X2

u  = (D-51)/X1

P Y x “ Y0 = exp(
2

and <j> = p-i
52
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Since we are regressing tree height on tree diameter, 
it is reasonable to assume that p is positive. Hence <f> 

will be positive. As Schreuder and Hafley point out 
there is a problem when 0<<j><l, since the first derivative 
of y2 with respect to y-̂  does not exist at the extremes, 
yi=0 and y^=l. They conclude that under these circumstances 
the median regression relationship may not be of practical use.



8 . Results for the Sgß distribution

Estimated parameter values for the three parameter 
Sj, distribution, for both diameter and height data, are 
given in Table 11. After transforming the diameter and 
height observations to standard normal variates the 
correlation coefficient, p, between them was calculated.
We now have estimates for all seven parameters of the 
bivariate Sgg distribution. Values of p, together with 
the derived parameters and 6, are also given in Table 11.

There is one data set where the correlation parameter 
between transformed diameter and height variates, is 
negative (data set 44). This is quite unexpected at 
first sight. However, this data set is quite small, containing 
16 trees, and thus would have been heavily thinned by the time 
these measurements were made in 1967.

We can also see, from Table 11, that in only 19 data 
sets is the estimated value of <j> greater than one. In 
Figure 15, the diameter and height data from data set 14 
(where cf>>l) , transformed to a 0 to 1 scale, (using 
parameters of the marginal Sg distributions) is given, 
together with the fitted Sßg median regression curve.
Data from another data set (number 24), where 4>< 1 , has 
been transformed in a similar manner and the transformed 
observations, and the fitted Sgg median regression curve, 
given in Figure 16.



The difference between the slopes of the two SD1)D D

median regression curves is immediately apparent. It is 
fairly evident that the shape of the regression curve to 
be preferred is that in Figure 15, which corresponds to 
<J) > 1. Schreuder and Hafley (1977) found that the 
estimated value of <j> was between 0 and 1 in six out of 
their 21 data sets. As this was less than one third of 
their data sets, they decided to overcome the problem by 
increasing the value of Â  , by diameter range class 
increments, until the value of <j> was greater than one.
This seems to be a rather artificial way of forcing <j> to 
be greater than one, but if it were only applied to relatively 
few plots then would not cause too much concern. Since for 
most of our data the estimated value of <j> is between 0 
and 1 (130 out of 149) , we decided that it was inappropriate 
to use the method of adjusting Â  to make <j>>l. Hence 
the Sgg distribution does not appear to be a very appropriate 
bivariate distribution to use with the Kowen data.



9. Discussion

The results that we have obtained are quite different 

from the more clearcut results obtained for univariate 

distributions, by Hafley and Schreuder (1977), and for 

the S-nc distribution, by Schreuder and Hafley (1977).
DD

It is interesting to ponder some likely reasons for these 

differences.

As mentioned earlier there are relatively few 

observations in the data sets from the Kowen plantation, 

compared to the number of observations in the data sets of 

Hafley and Schreuder. With small numbers of observations we 

are not able to obtain particularly good fits of distributions 

to the data, particularly in the tail areas of the distributions 

Not only will the fits be poor, but there will often be 

difficulty in estimating parameters which are related to the 

tails. This was certainly the case when we were estimating 

the second range parameter for the three parameter beta and 

Sg distribution, particularly for positively skewed data.

Since we have encountered problems in fitting uni

variate distributions, that could be attributed to the 

low numbers of observations, then we would expect to encounter 

more serious problems when fitting bivariate distributions.

When discussing the data earlier on, mention was 

made of the thinning that was carried out on all plots.

At that time it was thought that thinning might not 

have a too profound a long term effect. This does not
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appear to be the case. Hafley and Schreuder make no 
mention of thinning in their paper, so we must assume 
that none was carried out. The thinning on the Kowen 
plots seems to be having a long term effect on all 
moments of the tree diameter and height distributions.
In particular let us briefly look at the values of the 
skewness squared and kurtosis parameters that we 
obtained compared to the values obtained by Hafley 
and Schreuder. For the diameter data we have 4 data 
sets where b^>2 and 3 data sets where b^ö, whereas 
Hafley and Schreuder have 5 data sets where b^>2 and 
3 where b?>6. Also for the height data we have 2 data 
sets where b-̂ >l and 2 where b0>4 and likewise for Hafley 
and Schreuder’s data. They have 21 data sets and we have 
149 and hence, proportionately, we have far fewer data 
sets with relatively high skewness or kurtosis values.
They were working with three different species of pines, 
pure stands of either shortleaf pine, longleaf pine 
or loblolly pine, but this should not substantially change 
the way the trees react to competition.

Since the results obtained from fitting univariate 
distributions was quite confusing, with no distribution 
being consistently better than the others, it is not 
surprising that the data are not very well represented 
by bivariate Sgg distributions.

In the light of our efforts in fitting univariate 
distributions to tree diameter and height data, it would 
be rather difficult to suggest, with any degree of 
precision, a desirable number of measurements to be made
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in any future work in this area. Quite clearly, the 
thinning that was carried out on the plots in the Kowen 
plantation, has permanently affected the distributions 
of both tree height and diameter. Under these circumstances 
(that is with thinning), it would be very difficult to 
suggest a suitable minimum number of trees for measurement. 
However, if no thinning were carried out, then we might 
expect reasonable results with samples in excess of 50 
trees, although results would be much better if more than 
100 trees could be measured.

If we were to fit bivariate distributions of diameter 
and height, to data from plots with no thinning, then a 
minimum of 100 trees should be measured. Schreuder and 
Hafley (1977) are also concerned about sample size when 
fitting bivariate distributions. Their sample sizes 
ranged from 105 to 728 for the 21 data sets that they 
looked at. They attribute the large differences they get 
between the observed and fitted frequencies, in the tails 
of the bivariate SßB distribution, to the sample sizes 
they have, stating:

"... the sample sizes, although relatively large,
are still small for adequately fitting tail probabilities
of bivariate distributions".



Since one of the principal aims of statistics is to 
present data in a succinct form, then we should choose the 
simplest distribution which provides an adequate fit to the 
data. The normal distribution is the obvious choice. 
Parameter estimates obtained from fitting the normal distrib
ution to the diameter and height is given in Table 12. As 
mentioned earlier the fitting of bivariate distributions to 
data sets the size of the ones we have from Kowen is not 
really very satisfactory. The fitting of the bivariate 
normal, or any other bivariate distribution, to this data 
would not really be recommended. We do, however, give the 
correlation coefficient between diameter and height, in 
Table 12, so that all parameters of the bivariate normal 
appear in this table.
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This measurement was made just prior to the plot being thinned.
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Figure 1
52

Plot 350601 measured 13/5/71; the diameter data before 
thinning.
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Figure 2
53

Plot 350601 measured 14/5/71; the diameter data after 
thinning.
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Figure 5
54

Plot 350601 measured 13/5/71; the height data before 
thinning.
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Figure 4
55

Plot 350601 measured 14/5/71; the height data after 
thinning.
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Figure 5
Proportion of trees on a plot for which both height readings are the same,
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Table 2

(a)

(b)

(c)

Plots in which both height readings for all trees are the same

Plot No. Plot Code Measurement Date No. of Trees

9 32A601 21. 1.58 75
14 33A601 28. 3.62 69
24 28A601 20. 1.58 61
44 01A601 1.11.67 16
51 02A701 20. 1.55 38
52 02A701 17. 1.58 34
91 340501 28. 3.62 78
96 350601 15. 1.56 139
97 350601 15. 2.62 139
99 350601 14. 5.71 19

109 180801 14 . 1.55 50
123 220601 14. 3.62 29
130 240501 17. 1.58 41
142 26A601 21. 1.58 73

Plots in which both height readings for all but one tree are
the same *

Plot No. Plot Code Measurement Date No. of Trees

98 350601 13. 5.71 68
107 370601 28. 3.62 120

Plots in which both height readings for all but two trees
are the same.

Plot N o . Plot Code Measurement Date No. of Trees

2 31A501 21. 3.62 85
35 30B701 21. 2.62 117
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Figure 6

Histogram for diameter data from plot 31A501 measured 23/1/56.

*—• i—* >-* t~* h t--> t-* »-» f 3 ru to to to to to
O  O  ►- M U ^ - t M J l C D s J C D D D L O O H  to U  U  4> 'J1 Gl ' J \ l  CD 0  O  h  m  N  CO -P» Ul CD
0 0 * 0 0 0 0 0 0  0 0  * 0 * 0 0 0 0  0 0  ■ ■  « 0  1 0 0 0 0 0 a

O  CO 01 •M'O Ö  to □  Ul U  *-> CD *sj Ul CD »-* o CD CD 4> N  O  CO Ul t.J| CO CD vl CH CJ O
O H ü ^ u i c n c o u O M t j ^ u i D j o o m o H  co-^cncncocDo*-  co &> cn cn to co o

>--< 1—1 *—5 f —' I 1“ ■. I—( I--« I— ! t " !  !— ! * -«  l— »—I I— H-i  h—i I— I H  l~f I— 1 H  ►-1 V—; t— < 1— to +

oII
CJ1

N
0o

to
U1

U1
0o

cn0
cn

I-*CD

CD
0Ü1

!\>N

* ft

ft ft ft ft ft ft ft

ft ft ftftftftftftftftftft^c^cftftft^cftftftft ft ft ft ft ft ft ft ft ft ft

ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft

ftft ft ftftftftftftft ftftft

ftftftftftftftft

ft ft ft ft ft ft ft ft ft ft ft

ft ft ft ft ft

ft ft

C j n  -i“ »-— 1 »— • »-— « t— J ► — < »— 4  »— 1 •— I »— • *— H  ► — <  I— I I— I ►— » •— J »— « »— -• I— t »— -« »— » »— i S— < •— I •— S •— I ► — « »— I »— « I— I »— 1 » " «  I— I -4-

31A501 
DIAMETER 

(cm)



781188
524

59

F ig u r e  7

H is to g r a m  f o r  h e i g h t  d a ta  from  p l o t  31A501 m ea su red  2 3 /1 /5 6 .
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Figure 8

Histogram for diameter data from plot 31A601 measured 22/1/58.
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Figure 9

Histogram for height data from plot 31A601 measured 22/1/58.
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Figure 10

Bivariate plot of diameter vs. height for plot 31A501 measured 23/1/56.
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Table 3

DIAMETER AT BREAST HEIGHT (cm)

Plot «in. wax. first second third fourth s new Kurt- s.e. s.e.
no. value value mowent moment moment moment ness osis skew. Kurt.

1 9.195 21.387 15.524 5.503 6.523 83.235 0.505 2.749 0.247 0.4902 11.430 20.924 20.072 12.147 -0.202 358.485 -0.005 2.430 0.261 0.517
3 16.333 35.306 26.080 15.347 0.485 608.210 0.008 2.582 0.316 0.623
4 8.636 24.384 16.138 12.758 -3.475 376.129 -0.076 2.311 0.240 0.476
6' 10.414 23.194 19.789 14.174 -14.747 557.119 -0.276 2.773 0.271 0.535
6 12.954 33.020 23.438 21.650 -9.641 1142.911 -0.096 2.423 0.276 0.545
7 14.359 41.783 28.948 37.086 2.742 3052.260 0.012 2.219 0.31S 0.628
8 11.328 28.492 18.234 7.377 -0.184 179.613 -0,009 3.300 0.245 0.485
9 12.446 28.358 20.436 8.138 8.725 243.083 0.376 3.671 0.277 0.548
10 16.002 36.068 24.843 15.874 22.522 799.820 0.356 3.174 0.316 0.S23
11 18.923 44.323 23.732 45.989 36.188 4542.209 0.308 2.143 0.393 0.768
12 8.382 24.638 16.236 11.074 -13.067 373.241 -0.355 3.043 0.226 0.447
13 14.224 28.448 20.307 8.261 11.815 212.770 0.489 3.118 0.271 0.535
14 14.224 33.528 23.913 16.655 11.647 834.309 0.171 3.008 0.283 0.570
15 20.625 42.133 30.952 30.157 47.019 2324.537 0.284 2.558 0.361 0.709
16 8.839 28.354 20.138 15.917 -13.486 738.873 -0.231 2.216 0.244 0,483
17 19.558 35.306 27.486 15.672 0.361 512.197 0.006 2.085 0.319 0.628
18 20.650 44.958 3S.GS7 42.819-175.983 4397.791 -0.628 2.399 0.456 0.887
19 9.906 28.194 20.588 13.109 -23.966 538.106 -0.505 3.422 0.244 0.483
20 16.764 32.512 23.629 10.393 13.519 324.050 0.403 3.000 0.285 0.563
21 19.050 39.624 27.337 19.072 42.495 1112.643 0.510 3.059 0.311 0.613
22 19.177 51.918 34.854 64.835 19.263 10329.021 0.038 2.457 0.409 0.798
23 9.144 26.670 17.912 17.499 1.578 698.428 0.022 2.281 0.274 0.541
24 11.430 29.464 21.489 22.436 -22.208 1138.224 -0.209 2.281 0.30S 0.604
25 13.370 38.576 28.438 28.092 -49.055 1933.951 -0.329 2.451 0.350 0.688
26 14.605 46.355 33.931 42.995-223.024 7494.921 -0.791 4.054 0.393 0.773
27 10.414 25.908 17.595 9.570 -8.008 263.625 -0.203 2.878 0.257 0,508
28 11.933 29.718 20.374 11.196 -10.177 441.269 -0.272 3.521 0.285 0.582
29 13.716 34.544 23.407 15.558 -5.547 328.029 -0.090 3.424 0.297 0.5SG
30 13.665 40.183 27.935 29.778 -21.601 2606.688 -0.133 3.030 0.357 0.702
31 7.112 26.111 14.957 12.244 10.081 458.846 0.235 3.081 0.231 0.459
32 9.652 33.354 19.307 25.260 52.760 2457.783 0.418 3.852 0.240 0.476
33 9.347 47,549 23.021 48.394 118.149 8142.GS7 0.351 3.477 0.251 0.498
34 G. 128 25.298 16.088 14.326 -6.814 535.245 -0.118 2.402 0.209 0.414
35 8.865 33.020 20.395 25.621 -13.054 1703.254 -0.101 2.595 0.224 0.444
36 8.865 41.275 24.005 52.213 -18.280 6555.240 -0.048 2.405 0.231 0.459
37 21.082 36.578 27.013 11.306 15.077 404.346 0.397 3.163 0.361 0.709
38 22.352 33.808 23.235 12.6S4 10.164 483.758 0.22G 3.016 0.374 0.733
39 24.384 41.910 32.468 15.345 -0.110 GG9.307 -0.002 2.845 0.374 0.733
40 28.042 47.331 39.645 20.637 -40.658 1338.569 -0.434 3.138 0.464 0.902
41 27.173 44.704 32.543 14.642 48.830 856.189 0.838 3.994 0.409 0.798
42 29.718 47.498 35.139 15.728 54.458 969.285 0.873 3.918 0.414 0.809
43 31.750 51.582 33.941 18.953 57.711 1277.532 0.699 3.556 0.414 G.80S
44 41.148 56.642 46.133 18.572 80.491 1134.639 1.008 3.290 0.564 1.091
45 43.790 60,274 49.508 21.009 95.978 1448.901 0.997 3.278 0,564 1.091
46 24.384 36.830 30.851 11.702 -4.737 260.200 -0,118 1.900 0.378 0.741
47 25.908 40.132 33.323 13.214 -10.823 378.995 -0.225 2.170 0.393 0.768
43 27.636 44.358 36.290 18.145 -16.994 755.332 -0.220 2.294 0.393 0.768
42 34.798 50.292 42.787 13.095 -17.549 550.097 -0.370 3.208 0.491 0.953
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Table 3_(continued)

50 3G .297 53.162 45 .715 15.023 - 33.387 762.613 - 0 .584 3 .379 0.491 0 .953
51 25.903 42.926 33.448 16.041 2 0 . 1 1 2 589.493 0 .313 2.291 0 .383 0 .750
52 27 .940 46.492 36.038 17.699 27.793 823.095 0 .373 2 .6 2 7 0 .403 0 . 7S 8
53 32.258 49.784 40.479 21 .267 30.430 1005.710 0 .310 2 .224 0 .427 0 .833
54 37.541 56.642 48.443 19.583 - 35 .347 1195.916 - 0 .415 3 .1 1 9 0 .524 1.014
55 20.828 31.496 25.246 6.151 7 .155 105.614 0 .469 2 .792 0 .333 0 .656
56 23.114 33.528 27.689 7 .576 6 .717 137.967 0 .322 2 .4 0 4 0.361 0 .709
57 25.148 37.592 31.387 9 .513 5 .997 2 1 0 . GSO 0 .204 2 .3 2 8 0 .398 0 .778
53 27.559 45.161 36.539 16.649 10.955 672.608 0.161 2 .4 2 8 0 ,398 0 .778
59 19.304 31.496 23.789 7.838 16.823 207.635 0 .7 6 7 3 .380 0 .383 0 .750
GO 20.574 33.782 25 .750 8 .744 20.680 280.311 0 .  BOO 3 .6 6 6 0 .388 0 .759
G 1 28.670 46.025 34.698 20.016 79.592 1509.601 0 .889 3 .7 6 8 0 .464 0 .302
62 22.352 36.322 28.303 14.563 15.409 503.485 0 .2 7 7 2 .3 7 4 0 .398 0 .778
G3 24 .130 39.878 31.078 18.007 14.393 732.711 o . i e e 2 .2 8 0 0.403 0 .788
64 26.924 44.958 35.805 21.955 9.754 1077.397 0 .095 2 .2 3 5 0 .434 0 .845
65 3 0 . G32 54.864 44.379 4 1 . 526 - 144.849 4298.489 - 0.541 2 .493 0 .512 0 .992
GG 24.638 37.846 30.501 12.889 14.183 339.969 0 .307 2 .046 0 .343 0 .674
G7 25.908 40.132 33.002 15.563 16.839 466.674 0 .2 7 5 1.927 0.361 0 .7 0 9
6B 32.258 44.704 38.276 16.818 3 .859 477.760 0 . 05S 1.093 0.456 0 .337
G9 40.640 52.832 48 .338 11.537 - 19.688 374.891 - 0 .502 2 .816 0 .616 1.191
70 44.069 57 .785 52.732 15.593 - 32.077 637.914 - 0.521 2 .6 2 2 0 .616 1.191
71 19.812 31.242 24 .585 5 .956 4 .135 105.539 0 .284 2 .975 0 .383 0 .750
72 22.880 35.814 28 .493 8.332 2 .879 187.031 0 . 1 2 0 2 .695 0 .403 0 .788
73 2B .416 40.640 33 .326 14.246 - 5 .763 482.499 - 0 .1 0 7 2 .2 7 9 0 .403 0 .788
74 37.287 43.022 42.158 10.527 17.439 259.658 0 .512 2 .3 4 3 0 .512 0 .992
75 15.240 30.988 22 .266 11.328 7 .362 346.410 0 .1 9 3 2 .700 0 .337 0.662
7G 18.736 32.258 24 .727 12.308 3 .557 327.718 0 .082 2 .163 0 .347 0.681
77 19.812 35.306 27.594 17.335 - 0 .700 650.537 - 0 . 0 1 0 2 .1 6 5 0 .347 0.681
78 30.858 43.358 36.634 11.861 14.432 359.136 0 .3 5 3 2 .553 0.524 1.014
79 21.844 38.100 29.633 20 .520 28.994 830.778 0 .312 1.973 0.378 0.741
80 27 .432 47.498 39 .006 33 .413 - 9 3 . 34S 2598.786 - 0 .4 8 3 2 .3 2 8 0.481 0 .935
81 44.882 59.512 52 .610 16.065 - 21.445 663.870 - 0 .333 2 .572 0 .637 1.232
82 19.050 36.830 27 .338 16.088 10.152 709.051 0 .157 2 .740 0 .330 0 .650
83 19.812 39.624 30.253 21 .457 11.004 1237.029 0.111 2 .6 8 7 0 .350 0 .688
84 20.828 45.720 34.273 35.791 0 .245 3221.585 0 . 0 0 1 2 .515 0.350 0 . S 8 8
85 37.643 57.125 46.887 34.995 28.861 2207.859 0 .133 1.803 0 .597 1.154
8G 19.558 37.338 28.181 14.258 - 5 .446 581.719 - 0 . 1 0 1 2 .8 6 2 0 .316 0 .623
87 20.828 41.148 31.020 16.249 - 2 .463 821.953 - 0 .0 3 8 3 .113 0 .343 0 .674
88 24.384 46.736 35.691 22.194 - 2 .452 1513.023 - 0 .023 3 .072 0 .403 0 .7 9 8
89 32.004 58 .242 46.327 55.443 - 96.596 6800.291 - 0 .234 2 .212 0 .550 1.063
90 7.620 26 .060 15.945 10.185 29.068 461.339 0 .894 4 .447 0 .297 0 .536
91 9.398 32.004 19.415 23.490 21 .278 1536.145 0 .187 2 .893 0 .272 0 .530
92 9 . S 81 40.538 26 .529 3 9 . 379 -- 129.746 5667.362 - 0 .525 3 .655 0 .354 0 .695
93 7 .595 22 .403 14.300 10.320 - 11.816 272.869 - 0 .256 2 .5 8 2 0 .209 0 .414
94 7.620 28.194 19.169 19.625 - 53.591 1031.563 “ 0 .616 2 .8 3 4 0 .236 0 .4 6 7
95 10.312 3 5 u 128 25 .650 4 0 . 703 -- 279.288 5318.742 - I .076 3 .210 0 .322 0 . G34
96 8 .204 19.202 13.979 5 .727 - 3 .695 83.821 - 0 .270 2 .5 5 9 0 . 2Ö S 0 .408
97 3 . G36 24 .130 16.422 10.314 - 7 .455 274.588 - 0 .225 2.581 0 .206 0 .408
98 9 .779 27 .788 20 .614 14.142 - 38.204 686.697 - 0 .718 3 ,434 0.291 0 .574
99 12.979 2S . 01G 19.154 14.489 26 .280 594.205 0 .477 2 .830 0 .524 1.014

100 12.725 20 .330 15.433 3 .786 4.980 42.326 0 .673 2 .953 0 .2 4 7 0 .490
101 12.700 26.162 18.367 8 .069 3.700 190.484 0 .4 2 3 2 .926 0 .258 0.511
102 8 .103 33.376 21.269 22.573 - 23.055 1762.335 - 0 .215 3 .459 0 .247 0 .430
103 7 .849 21.742 15.582 8.114 - 8.751 174.414 - 0 .379 2 .6 4 9 0 .217 0 .430
104 10.160 28 .448 19.854 16.577 - 41.113 832.593 - 0 .603 3 .030 0 .253 0 .500
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Table 3 (continued)

105 10.084 36.271 24.134 33.853 - 96.349 3595.990 - 0,489 3.138 0.254 0.503
I 0G 6.604 20.574 15.025 6.317 - 8.559 173.932 - 0.539 4.359 0.237 0.469
107 4 . 82S 25.654 17.073 19.014 - 58.354 1157.098 - 0.704 3.200 0.221 0.438
108 4.928 31.623 20.415 34 . 933- 154.380 3613.429 - 0 . 74B 2.961 0.244 0.483
109 13.462 30.480 22.037 14.869 - 16.994 556.262 - 0.296 2.516 0.337 0.662
110 13.716 33.274 24.110 20.054 - 27.625 1029.143 - 0.308 2.559 0.337 0.662
111 13.370 37.338 26.645 32.315 - 4G.775 2614.530 - 0.255 2.504 0.337 0.662
112 13.945 45.822 31.006 76 . 217 - 198.818 12533.322 - 0.284 2.158 0.383 0.750
113 14.224 35.560 24.164 24.085 17.545 1774.623 0.148 3.059 0.354 0.695
114 13.558 38.862 27.833 20.613 69.767 1386.621 0.745 3.263 0.383 0.750
115 21.338 44.196 31.476 28.242 93.298 2503.065 0.622 3.138 0.383 0.750
1 IS 28.219 50.083 38.386 28.401 82.704 2416.570 0.546 2.996 0.472 0.918
117 8.128 28.448 20.839 15.130 - 42.790 811.560 - 0.727 3.545 0.285 0.563
118 20.320 32.766 25.758 8.025 4.619 174.535 0.203 2.711 0.374 0.733
113 21.844 33.116 29.979 17.021 12.687 757.456 0.181 2.615 0.374 0.733
120 28.956 50.300 40.122 30.423 - 7.139 2112.055 - 0.043 2.282 0.501 0.972
121 10.922 37.532 21.957 40.147 30.710 3583.919 0.121 2.224 0.319 0.628
122 18.542 42.926 28.887 26.160 37.624 2128.708 0.281 3.111 0.398 0.778
123 24.130 50.800 34.894 31.241 65.680 3442.951 0.376 3.528 0.434 0.845
124 36.271 52.359 45.005 23.374 9.167 1182.168 0.081 2.182 0.524 1.014
125 8.382 30.480 17.739 21.658 13.998 1300.213 0.133 2.772 0.279 0.552
12S 9.333 34.036 21.314 19.731 11.619 1425.992 0.133 3 . S S 3 0.314 0.618
127 12.446 37.592 24.492 24.827 13.381 1997.041 0.109 3.293 0.325 0 . G39
128 18.034 44.044 29.788 40.626 - 9.098 4668.123 - 0.035 2.828 0.338 0.778
123 6.909 29.464 19.206 23.789 - 35.136 1588.131 - 0.303 2.771 0.311 0.613
130 14.996 33.274 23.591 20.306 2.895 962.646 0.032 2.335 0.369 0.724
131 17.780 37.592 27.777 24.938 - 3.720 1496.418 - 0.030 2.406 0.378 0.741
132 18.390 44.755 33.932 53 . 501- - 168.248 6752.789 - 0.430 2.359 0.431 0 . S35
133 9.652 29.972 19.515 16.291 12.214 80S .4 74 0.186 3.039 0.311 0.613
134 10.414 33.528 23.344 19.633 - 15.341 1368.142 - 0.176 3.549 0.361 0.709
135 19.558 38.100 28.441 20.573 24.202 1088.467 0.253 2.572 0.398 0.778
13G 26.340 48.738 36.553 26.277 11.135 1546.704 0.083 2.240 0.481 0.935
137 11.634 32.766 21.892 24.735 - 1.478 1566.690 - 0.012 2.561 0.314 0.618
138 15.494 38.068 25.723 25.373 14.705 1665.021 0.115 2.586 0.343 0.674
139 20.574 44,198 31.115 32.098 77.238 2575,103 0.425 2.499 0.393 0 . 7GB
140 32.055 58,109 42.973 37.129 83.088 373S .075 0.367 2.711 0.536 1.038
141 7.620 22.606 16.195 9.720 - 7.435 289.725 - 0.245 3.066 0.253 0.500
142 12.954 25.908 19.450 7.949 4.650 177.229 0.208 2.805 0.281 0.555
143 13.716 30.734 22,452 12.357 6.383 433.953 0.147 2.842 0.279 0.552
* f- * 14.402 38.913 28.139 40 . 326 -- 105.783 3720.114 - 0.413 2.288 0.409 0.798
145 16 . 25G 31.496 22.743 11.492 8.173 362.630 0.210 2 . 74S 0.330 0.650
148 18.542 33.782 26.021 10.568 7.372 322.276 0.232 2.886 0.354 0.895
147 21.844 37.333 29.752 13.203 15.153 466.430 0.316 2.676 0.354 0.695
•  i* ni  no 28.800 48.514 37.696 20.760 3.515 1303.336 0.090 3.026 0.491 0.953
149 9.398 28.938 13.305 23.993 23.500 1319.260 0.200 2.232 0 . 30S 0.604
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T a b le  4

TREE HEIGHT (m)

P lo t m i n . max. f i r s t second th i r d fo u r th skew k u r t - s . e . s . e .
n o . value v alue moment moment moment moment ness o s i s skew. K u rt.

JL 8.534 14.783 12.091 1.948 -1 .2 6 8 10.890 -0.4GB 2 .839 0 .247 Ö.4S0
2 10.973 23.165 17.932 4.962 -8 .9 9 2 95 .405 -0 .8 1 4 3 .3 7 5 0.261 0 .517
3 17.0B9 25.803 22.438 3 .257 -2 .4 9 0 31 .524 -0 .4 2 4 2.971 0.313 0 .323
4 7.010 15.897 12.310 2 .874 -3 .2 1 2 30.101 -0 .3 5 9 3 .3 4 5 0 .240 0 .473
5 10.973 18.898 15.788 3.039 -3 .8 7 1 32.901 -0 .7 3 1 3.551 0.271 0 .535
B 14.326 •r> h n n n

i - N  .  < 1 0 * - 20 .446 4 .470 -6 .5 4 9 86 .347 -0 .3 9 3 3 .320 0 .273 0 .545
7 20 .117 31.394 26.090 7.475 -8.G7E 133.915 -0 .4 2 5 2 .3 9 7 0 .319 0.628
3 9.29S 15.297 12.723 2.444 -0 .1 0 8 13.495 -0 .0 2 8 2 .260 0 .245 0 .485
3 11.592 18.593 14.569 2.341 1.123 13.227 0 .232 2 .327 0.277 0 .548

10 13.103 O'*} o
«JLO.Uiil 19.852 4.322 -3 .3 4 5 55 .233 -0 .3 7 2 2 .9 5 9 0.313 0 .323

11 1G.7S4 30.328 22 .410 13.813 0.611 357.949 0 .012 1.848 0 .393 0.738
12 7.325 15.392 11.850 2.737 -2 .7 3 3 21.431 -0 .5 8 7 2 .733 0 .223 0 .4 4 7
13 10.273 18.288 14.978 1.980 -1 .0 3 9 13.519 -0 .3 7 3 3 .4 4 9 0.271 0.535
14 12.192 22.250 18.341 4*131 -6 .3 0 7 33 .449 -0 .8 2 0 3 .7 1 9 0 .289 0 .570
15 13.238 27 .737 24.178 4 .387 -4 .6 0 4 57 .808 -0 .5 0 1 3 .0 0 4 0.331 0.703
IS 10.3G3 18.136 14.565 3 .188 -1 .S 01 25 .703 -0 .2 8 2 2 .533 0 .244 0 .433
17 17.063 24 .232 20.947 2 .704 -0 .9 5 7 13.098 -0 .2 1 5 2 .4 7 5 0 .319 0 .328
13 23 .470 30.632 27.227 3 .827 -2 .2 5 9 30 .123 -0 .2 9 0 1.954 0.453 0 .887
19 12.192 19.660 13.209 2 .198 -1 .3 4 0 14.425 -0 .4 1 1 2 .9 8 6 0.244 0 .483
20 15.545 22.708 13.748 2 .532 -1 .6 7 3 18.171 -0 .4 1 5 2 .8 3 5 0 .285 0 .583
21 18.238 27 .127 23.725 3 .488 -5 .8 3 0 49.744 -0 .8 9 3 4 .094 0.311 0 .313

18.238 33 .376 29 .570 10.167 -5 2 .7 4 7 611.383 -1 .3 2 7 5 .9 1 5 0 .409 0 .798
23 8.339 16.002 12.730 1.854 -0 .2 9 8 10.395 -0 .1 1 8 3.171 0.274 0.541
24 12.192 21.031 15.925 2 .789 1.872 30 .573 0 .402 3.331 0.303 0.804
25 14.32G 23.322 20 .173 4.402 -7 .3 3 7 73 .853 -0 .7 9 4 3.811 0.350 0 .388
2G 17.374 29.261 25.573 7 .918  -3 1 .0 8 3 305.382 -1 .3 9 5 4 .873 0.338 0 .778
27 10.820 16.734 14.471 1.739 -1 .8 2 2 9 .508 -0 .7 0 7 3 .143 0 .257 0 .508
28 13.411 20 .422 17.725 2 .049 -1 .0 8 0 12.838 -0 .3 3 2 3 .073 0.295 0 .582
29 16.312 25 .908 21.641 2.801 -1 .8 6 0 28 .006 -0 .3 9 7 3.571 0 .297 0.58S
30 17.983 28 .958 25.804 4 .930  -1 7 .4 3 7 152.171 -1 .5 9 3 3.231 0.357 0.702
31 8.387 15.240 11.918 1.847 -0 .5 3 4 9.491 -0 .2 1 3 2.781 0.231 0 .453
32 10.868 20.728 17.007 4.893 -8 .7 5 2 70.283 -0 .8 0 9 2 .9 3 5 0 .240 0 .476
33 13.106 23 .870 21.560 10.372 -2 1 .3 3 0 288.505 -0 .3 3 9 2 .433 0.251 0.4S8
34 8.077 15.392 12.508 2 .544 -1 .2 7 7 15.840 -0 .3 1 5 2 .4 1 7 0.209 0 .414
35 9.90S 21 .946 18.880 6 .093 -7 .3 1 7 101.031 -0 .4 3 6 2 .720 0 .224 0 .444
36 10.363 27 .432 20.881 13.874 -2 9 .8 8 5 548.049 -0 .5 9 1 2.331 0.231 0 ,459
37 19.507 24.639 22 .523 1.317 -0 .3 0 5 5 .2 4 0 -0 .2 0 2 3 .0 1 9 0.361 0 .7 0 3
33 21.031 27.584 24 .540 2.321 -0 .8 3 3 14.813 -0 .2 3 7 2.751 0 .374 0 .733
33 22.703 29.281 25 .853 2 .399 1.253 14.637 0 .337 2 .549 0 .374 0 .733
40 24.994 31.090 28.188 2 .820 -0 .0 4 1 15.413 -0 .0 0 9 1.939 0.434 0 .902
41 22 .880 27 .989 25.442 1.443 -0 .2 3 2 5.441 -0 » 134 2 .314 0 .409 0 .798
42 25.803 31.394 27.851 1.311 0 .738 8 .036 0.331 3 .114 0 .414 0 .803
43 26.080 33.880 31 .132 2 .330 -4 .8 8 4 27 .853 -1 .3 1 7 5 .1 3 0 0.414 0 .809
44 30.175 33.271 34 .138 1.812 -2 .3 7 3 17.387 -1 .2 1 9 5 .293 0.534 1.031
45 31.242 35.9GS 34.309 1.323 -1 .4 2 1 3 .330 -0 .9 3 0 3 .738 0.534 1.091
4G 2Ö.S7S 23 .413 28 .197 2 .463 -2 .3 4 8 28 .597 -0 .7 3 5 4.701 0.378 0.741
47 28.213 32.614 29.041 2 .152 1.528 13.171 0.4B4 2 .845 0.393 0 .738
48 29.568 33 .223 32.083 0.745 -0 .4 5 1 1.735 -0 .7 0 2 3.181 0.393 0 .768
43 32.004 38.576 34 .230 1.1BG -0 .2 6 5 4 .238 -0 .2 1 0 3 .1 4 2 0.491 0 .953



50
51
52
53
54
55
56
57
58
59
GO
61
62
63
84
65
SG
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
63
84
85
86
87
88
89
90
91
92
33
94
95
SG
37
98
S3

100
101
102
103
104

Table 4 (continued)
6 7

32.004 38.405 35.606 2.621 - 1.180
27.127 30.785 23.060 1.053 0.220
27.432 32.818 30.310 1.487 - 0.715
30.937 35.052 32.588 0.917 0.395
33.223 37.795 35.132 1.082 0.630
16.316 23.470 19.852 2.615 0.485
17.831 24.841 22.073 2 . G4S - 3.252
20.117 25.146 23.269 1.645 - 1.487
22.403 28.194 25.795 2.063 - 1.643
16.459 21.488 18.958 1.131 0.690
17.678 23.165 20.603 1.618 0.437
22.403 28.042 25.634 1.439 - 0.465
16.612 25.603 20.574 4.404 2.286
18.898 25.603 22.385 3.452 0.427
21.946 28.134 25.277 3.293 - 0.787
23.470 31.547 28.156 3.948 - 3.930
22.555 30.735 26.756 3.172 0.041
23.622 32.918 28.310 3.673 - 1.693
28.194 35.357 32.315 2.927 - 1.771
31.242 36.424 34.478 3.073 - 2.638
33.071 38.710 36.377 3.735 - 3.476
13.106 17.526 15.669 1.322 - 0.669
14.630 19.364 17.817 1.771 - 0.953
18.593 23.470 21.585 1.652 - 0.720
23.470 28.346 25.817 1.569 - 0.234
13.259 18.238 15.789 1.405 0.076
15.545 21.031 18.210 1.620 0.791
16.612 24.079 20.856 2.551 - 0.661
22.860 28.804 25.613 2.382 0.223
16.154 24.3134 20.304 3.693 - 1.294
24.894 31.852 29.122 4.084 - 6.316
33.223 38.405 35.509 2.772 2.403
15.088 23.774 20.627 3.582 - 5.396
17.673 26.518 23.539 3.413 - 5.091
20.422 31.639 28.075 4.365 - 12.015
32.004 35.814 33.787 1.890 0.321
15.240 26.3135 21.026 4.409 - 2.972
16.154 27.737 24.279 4.643 - 12.513
23.470 31.517 28.314 3.405 - 5.162
31.090 39 . 9Z9 35.866 5.405 - 5.783

8.839 14 . 0:21 11.840 1.341 - 0.232
11.887 20.422 16.569 3.838 - 4.880
13.411 25.451 21.732 5.975 - 26.371
8.534 15.545 12.378 2.015 - 0.610
9.144 21.946 17.598 5.208 - 11.847

14.021 26.213 22.408 8.249 - 30.089
9.754 14.630 12.497 1.097 - 0.260

10.973 20.422 15.641 2.631 - 2.226
12.192 21.946 18.651 2.985 - 5.961
14.326 20.726 18.481 1.363 - 3.147
9.906 14.630 12.503 0.785 - 0.275

13.868 22.250 18.925 o  o n p  
£m m 4 .« i .b 1.708

12.649 24.841 19.875 4.963 - 8.996
9.449 16.154 13.227 1.409 - 0.776

12.192 21.946 18.663 3.298 - 5.613

18.884 - 0.278 2.743 0.491 0.953
2.192 0.204 1.978 0.383 0.750
7.476 - 0.394 3.379 0.403 0.788
2.398 0.450 2.853 0.427 0.833
4.407 0.560 3.768 0.524 1.014

16.280 0.115 2.381 0.333 0.656
20.204 - 0.756 2.887 0.361 0.708

8.045 - 0.695 2.971 0.398 0.778
12.272 - 0.554 2.884 0.398 0.778
4.311 0.573 3.368 0.383 0.750
7.503 0.241 2.866 0.388 0.759
7.414 - 0.253 3.298 0.464 0.902

47.846 0.247 2.467 0.398 0.778
24.882 0.067 2.088 0.403 0 . 78B
18.307 - 0.132 1.683 0.434 0.845
43.380 - 0.501 2.783 0.512 0.982
30.424 0.007 3.023 0.343 0.674
44.149 - 0.240 3.272 0.361 0.709
22.161 - 0.354 2.586 0.456 0.837
16.223 - 0.490 1.717 0.616 1.191
26.265 - 0.482 1.882 0.616 1.191

3.928 - 0.440 2.246 0.383 0.750
7.283 - 0.404 2.322 0.403 0.788
5.878 - 0.339 2.154 0.403 0.788
6.257 - 0.113 2.543 0.512 0 . 9S2
4.971 0.045 2.519 0.337 0.662
8.780 0.384 2.587 0.347 0.681

19.534 - 0.162 3.002 0.347 0.681
16.987 0.043 1.910 0.524 1.014
35.038 - 0.182 2.569 0.378 0.741
44.712 - 0.765 2.681 0.481 0.933
14.703 0.521 1.914 0.637 1.232
43.871 - 0.736 3.419 0.330 0.650
45.970 - 0.807 3.947 0.350 0.688

120.976 - 1.086 4.907 0.350 0.688
4.834 0.123 1.353 0.597 1.154

64.771 - 0.321 3.332 0.316 0.623
117.511 - 1.251 5.450 0.343 0.674
42.732 - 0.822 3.686 0.409 0.798
74.386 - 0.461 2.546 0.550 1.063

4.574 - 0.148 2.545 0.297 0.588
42.326 - 0.649 2.874 0.272 0 . 53B

240.114 - 1.806 6.726 0.354 0.695
10.421 - 0.213 2.566 0.209 0.414

115.751 - 0.997 4.267 0.236 0.467
257.403 - 1.270 3.783 0.322 0.634

3.083 - 0.226 2.560 0.206 0.408
25.005 - 0.522 3.613 0 . 20S 0.408
45.388 - 1.156 5.096 0.291 0.574
18.415 - 1.140 4.756 0.524 1.014

1.979 - 0 . 3B9 3.135 0.247 0.490
20.340 0.514 4.225 0.258 0.511

110.976 - 0.812 4.496 0.247 0.490
6.255 - 0.464 3.153 0.217 0.430

45.737 - 0.937 4.206 0.253 0.500
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Table 4 (continued)

105 14.630 27.280 22.674 7.347  - 17.722 194.675 - 0.890 3.806 0.254 0.503
103 8.077 14.173 11.710 1.399 - 0.803 7.002 - 0.485 3.580 0.237 0.469
107 7.010 18.202 14.794 4 . 53G - 8.600 85.172 - 0.891 4.139 0.221 0.438
103 7.315 22.708 17.105 7.890  - 23.592 279.309 - 1.065 4.487 0.244 0.483
109 14.935 22.880 19.513 3.268 - 4.517 39.352 - 0.785 3 . G84 0.337 0.662
no 16.154 25.298 21.580 4.831 - 9.418 75.733 - 0.945 3.534 0.337 0.662
i l l 17.374 29.566 26.222 6.844  - 24.765 236.422 - 1.383 5.048 0.337 0.662
112 18.440 34.595 29.610 17.170  - 87.077 1072.275 - 1.224 3.637 0.383 0.750
113 16.154 23.470 19.893 2.720 - 0.939 19.271 - 0.209 2.606 0.354 0.695
114 19.660 28.322 23.819 2.857 - 1.196 20.084 - 0.248 2.461 0.383 0.750
115 23.317 30.937 27.733 4.107 - 2.498 36.145 - 0.300 2.143 0.383 0.750
116 28.346 37.490 33.406 4.589 - 5.095 61.390 - 0.518 2.915 0.472 0.918
117 9.754 18.138 14.508 3.589 - 1.667 34.748 - 0.245 2.697 0.285 0.563
113 14.021 22.250 18.437 4.419 - 1.309 40.863 - 0.141 2.082 0.374 0.733
119 16.916 26.213 22.609 4.992 - 4.365 64.993 - 0.391 2.608 0.374 0.733
120 21.031 31.547 29.050 5.511  - 24.505 212.988 - 1.894 7.013 0.501 0.972
121 4.267 18.288 13.749 9.264  - 21.376 273.201 - 0.758 3.254 0.319 0.628
122 15.083 22.250 18.889 3.702 - 0.400 30.388 - 0.056 2.218 0.398 0.778
123 19.507 28.518 23.449 3.242 - 2.118 27.343 - 0.363 2.602 0.434 0.845
124 27.127 34.442 31.194 3.677 - 2.233 34.363 - 0.318 2.541 0.524 1.014
125 8.992 17.831 14.284 3.687 - 2.783 36.793 - 0.393 2.707 0.279 0.552
126 11.735 13.812 16.764 2.636 - 2.765 25.450 - 0.646 3.663 0.314 0.618
127 13.411 23.774 20.303 4.393 - 7.896 78.963 - 0.359 4.102 0.325 0.639
128 14.630 28.080 22.237 6.901  - 11.224 153.071 - 0.619 3.215 0.398 0.778
129 6.553 18.002 12.626 4.095 - 8.551 65.209 - 1.032 3.888 0.311 0.613
130 10.058 19.202 15 . 8S7 4.463  - 10.026 74.339 - 1.061 3.722 0.369 0.724
131 12.602 23.927 19.601 5.449  - 12.051 118.024 - 0.948 3.975 0.378 0.741
132 13.411 28.958 23.388 11.435  - 51.294 678.910 - 1.327 5.192 0.481 0.935
133 7.163 16.307 12.388 3.238 - 4.558 39.922 - 0.761 3.670 0.311 0.613
134 11.735 19.355 16.179 2.539 - 1.850 21.184 - 0.408 3.287 0 . 3B1 0.709
135 16.002 23.317 19.908 2.601 - 0.741 17.050 - 0.177 2.519 0.393 0.778
136 21.946 29.108 25.510 4.008 2.705 36.364 0.337 2.301 0.481 0,935
137 9.601 17.221 14.288 2.435 - 1.355 13.357 - 0.344 2.948 0.314 0.618
133 11.582 21.841 18.050 3.842 - 4.702 56.288 - 0.624 3.814 0.343 0.674
139 18.745 27.432 23.408 3.871 - 0.140 41.695 - 0.018 2.782 0.393 0.788
140 27.883 32.158 30.023 1.375 0.532 4.179 0.387 2.209 0.538 1.038
141 7.820 15.392 12.438 1.813 - 1.456 13.730 - 0.597 4.192 0.253 0.500
142 13.106 17.678 15.357 1.529 0.141 5.259 0.075 2.250 0.281 0.555
143 13.868 2S. 51B 19.114 3.759 2.945 87.427 0,404 4.772 0.279 0.552
144 17.068 28.080 22.308 6.317 - 6.582 67.285 - 0.415 2.187 0.409 0.798
145 12.132 20.117 16.735 2.978 - 0.301 24.242 - 0.175 2.738 0.330 0.650
146 16.764 23.012 20.181 2.151 - 0.361 11.672 - 0.114 2.523 0.354 0.895
147 17.673 25.308 23.283 2.607 - 3.870 29.410 - 0.872 4.326 0.354 0.695
148 25.146 30.785 28.333 1.811 - 0.776 S.750 - 0.318 2.971 0.491 0.953
149 10.668 19.355 15.387 3 . 79S - 1.398 34.114 - 0.270 2.367 0 . 30S 0.604
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Figure 11
The 3i - ß2 plane with estimates of bi and b 2 for the 
diameter data for all data sets.
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Figure 12

The 3i - ßz plane with estimates of bi and b2 for the 
height data for all data sets.
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Table 5
Points above lognormal line in the 3±  -  32 plane

Diameter Height
Plot
Code

Measurement
Date

No. of 
Trees

Plot
Number

Plot
Code

Measurement
Date

32A601 19. 1.56 97 13 33A601 22. 1.58
32A601 21. 1.58 75 23 28A601 26. 1.55
270801 28. 1.55 98 24 28A601 20. 1.58
290701 21. 1.58 66 29 290701 21. 3.62
290701. 21. 3.62 65 46 01A701 18. 1.55
30B601 15.12.71 92 49 01A701 1.11.67
080801 20. 1.58 48 52 02A701 17. 1.58
080801 28. 3.62 33 54 02A701 12. 7.71
340501 7.12.71 45 61 04A501 14. 7.71
350701 6. 6.71 95 67 04B701 15. 1.58
220601 13. 3.62 29 86 080801 19. 1.55
230601 20. 1.58 58 97 350601 15. 2.62
230601 16. 2.62 54 101 350701 12. 2.62
240601 15. 1.58 43 102 350701 6. 6.71
090601 20. 7.71 22 106 370601 29. 1.56

138 250701 21. 1.58
141 250701 26. 1.55
143 26A601 21. 2.62
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Figure 13
Plot of the maximum observed tree diameter against tree age, for 
all data sets. The curve for maximum diameter used in the iteration 
procedure is also plotted.
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Table 6
73

Values of the maximized log-likelihood for the normal(N)
lognormal(LN), gamma(G), beta(B) 
the diameter data.

Plot Code No. N LN
31A5014123015G 95 -215.801 -213.557
31A501412103G2 85 -226.736 -228.256
3iA50141230871 57 -158.711 -159.499
31AG0141280155 101 -271.895 -275.158
31A60141220158 79 -216.827 -221.195
3IAG0141140362 76 -224.689 -227.165
31 AGO141230971 56 -180.631 -181.748
32AG0141190156 97 -234.558 -236.632
32AG0141210158 75 -105.039 -184.633
32AG01412102G2 57 -159.673 -159.163
32AGO141250871 36 -119.993 -119.256
33A60141020255 115 -301.445 -309.836
33AS0141220158 79 -195.503 -193,859
33AS0141280362 69 -194.945 -195.542
33AG01410G1271 43 -134.252 -133.915
27070140250156 98 -274.659 -2B1.025
27070140150262 56 -156.513 -156.915
27070140270771 26 -85.733 -87.655
27080139280155 98 -265.148 -273.144
27080139210158 71 -183.856 -182.786
27080139150262 59 -170.691 -169.279
27080139230771 33 -115.661 -116.479
28AG01402S0155 77 -219.451 -221.306
28A60140200158 61 -181.430 -184.366
28AGO140160262 46 -141.987 -144.643
28AG0140280771 35 -115.482 -120.222
29070140280155 88 -224.246 -227.744
29070140210158 66 -173.362 -176.700
29070140210362 65 -181.429 -183.815
29070140200871 44 -137.096 -139.327
30ß60143240156 109 -291.190 -292.486
30360143140362 101 -306.383 -306.517
30B60143151271 92 -308.994 -310.526
30B70143240156 135 -374.018 -380.051
30B701432102G2 117 -355.756 -362.163
30B70143101271 109 -370.229 -376.834
01A50127260155 43 -113.160 -112.557
01A501271G0158 40 -107.533 -107.395
01A50127130262 40 -111.373 -111.770
01A50127080771 25 -73.312 -74.222
01A60127170155 33 -91.109 -89.865
01A60127160158 32 -89.493 -88.243
01A60127120262 32 -92.478 -91.532
01AS0127011167 16 -46.076 -45.402
01A60127080771 16 -47.063 -46.402
01A70127180155 39 -103.303 -103.682
01A70127160158 36 -97.545 -98.151
01A70127130262 36 -103.253 -103.930
01A701270111S7 22 -59.511 -59.938
01A70127090771 22 -61.022 -61.708
02A70128200155 38 -106.648 -106.143
02A7012817015Ü 34 -97.094 -96.590
02A70128140262 30 -88.425 -89.032
02A70128120771 19 -55.219 -55.714
03060128180155 51 -118.688 -117.793

, Weibull(W), and S forB

G B w SB
-213.959 -214.817 -221.306 -214,432
-227.352 -226.236 -227.569 -226.177
-159.027 -158.572 -159.741 -158.543
-273.359 -270.656 -271.503 -270.505
-219.211 -215.860 -216.079 -215.858
-225.870 -223.855 -224.626 -223.830
-181.014 -180.010 -180.753 -179.926
-235.521 -234.754 -237.394 -234.846
-184.456 -184.957 -189.993 -184.917
-159.086 -153.528 -162.544 -153.463
-113.281 -119.447 -120.426 -119.254
-306.135 -300.912 -300.057 -300.977
-194.160 -195.081 -200.779 -194.691
-194.979 -194.834 -197.129 -194.819
-133.828 -134.041 -135.G15 -133.981
-278.120 -273.716 -273.787 -273.785
-156.639 -156.088 -157.122 -156.075
-86.892 -78.857 -84.343 -81.312

-269.773 -263.792 -263.234 -263.819
-182.937 -183.641 -188.215 -183.542
-169.520 -170.512 -174.173 -170.428
-115.939 -115.410 -115.758 -115.359
-220.074 -218.561 -219.441 -218.40B
-182.944 -179.236 -180.626 -179.555
-143.462 -140.587 -141.105 -140.610
-118.291 -114.569 -114.240 -114.573
-226.130 -224.047 -224.335 -224.060
-175.223 -173.567 -173.803 -173.671
-182.636 -181.680 -182.653 -181.786
-138.222 -137.063 -137.301 -137.104
-291.046 -230.801 -293.078 -290.736
-305.308 -305.863 -308.422 -305.733
-308.555 -308.345 -309.371 -308.373
-376.879 -372.441 -373.039 -372.247
-358.771 -355.005 -355.224 -354.971
-372.990 -368.736 -369.259 -368.565
-112.655 -112.993 -116.166 -112.916
-107.347 -107.463 -109.717 -107.435
-111.544 -111.353 -112.609 -111.348
-73.858 -72.869 -72.979 “72.881
-90.207 -91.312 -94.895 -91,370
-88.601 -83.785 -93.296 -89.922
-91.783 -92.909 -95.780 -93.136
-45.610 -46.659 -48.151 -46.986
-46.605 -47.906 -49.126 -48.395

-103.505 -102.540 -103.268 -102.771
-97.896 -96.860 -97.283 -SS.941

-103.639 -102.789 -103.123 -102.800
-59.803 -59.315 -59.618 -59.308
-61.452 -60.518 -60.535 -60.493

-106.244 -106.606 -108.549 -106.609
-96.696 -97.173 -93.20S -97.232
-88.113 -88.508 -89.936 -88.592
-55.520 -54.309 -55.052 -54.915

-118.023 -118.419 -122.772 -118.299
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Table 6 (continued)

Plot Code No. N LN G B W

03060128170158 43 -104.551 -104.050 -104.162 -104.385 -107.095
03060128140262 35 -89.084 -88.884 -88.904 -89.004 -90.685
03060128130771 35 -98.879 -98.786 -98.756 -98.830 -100.266
04A50128180155 38 -93.040 -91.675 -92.059 -92.630 -96.895
04A5012G170158 37 -92.616 -91.296 -91.658 -92.279 -96.633
04A50128140771 25 -72.930 -71.841 -72.138 -72.985 -75.561
04AS0128180155 35 -96.537 -96.142 -96.195 -96.372 -98.052
04AS0128160158 34 -97.387 -97.191 -97.180 -97.250 -98.519
04AS0128130262 29 -85.940 -85.962 -65.891 -85.848 -96.674
04AS0128130771 20 -65.642 -66.646 -66.254 -64.467 -64.799
04870128180155 48 -129.463 -128.780 -128.935 -129.275 -131.640
04870128150158 43 -120.030 -119.469 -119.530 -119.868 -121.721
04870128140262 26 -73.584 -73.551 -73.533 -73.111 -73.976
04870128011167 13 -34.342 -34.615 -34.513 -26.139 -33.325
04870126140771 13 -36.303 -36.598 -36.490 -31.443 -35.779
07050135130155 38 -87.824 -87.537 -87.574 -87.766 -90.454
07050135200158 34 -B4.286 -84.276 -84.229 -84.253 -85.918
07050135150262 34 -93.404 -93.792 -93.607 -93.184 -93.737
07050135150771 20 -51.919 -51.567 -51.672 -52.055 -53.614
07060135140155 50 -131.629 -131.562 -131.416 -131.439 -133.435
07060135200158 47 -125.681 -125.748 -125.612 -125.480 -126.651
07060135010262 47 -133.730 -134.160 -133.886 -133.409 -134.211
07060135160771 19 -50.456 -50.228 -50.280 -50.471 -51.713
07070135260155 39 -114.256 -113.547 -113.690 -114.109 -115.579
07070135220362 23 -72.968 -74.040 -73.624 -70.801 -72.094
07070135160771 12 -33.687 -33.877 -33.805 -33.482 -33.608
08070135190155 52 -146.014 -146.129 -145.915 -145.955 -147.811
08070135170158 46 -135.791 -136.123 -135.835 -135.721 -137.054
08070135140262 46 -147.558 -148.417 -147.906 -147.348 -14e.079
08070135190771 14 -44.752 -44.670 -44.675 -44.725 -45.076
08080135190155 57 -156.813 -157.724 -157.187 -156.537 -157.621
08080135200158 48 -135.022 -135.823 -135.406 -135.055 -136.406
08080135280362 33 -97.872 -98.500 -98.219 -98.008 -98.911
08080135200771 17 -58.252 -58.753 -58.533 -57.711 -58.039
34050141250156 65 -167.661 -165.070 -1S5.322 -166.900 -172.149
34050141280362 78 -233.783 -235.512 “234.078 -233.434 -234.581
34050141071271 45 -146.500 -152.976 -150.135 -*146.589 -145.906
34060141240156 135 -349.108 -359.268 -354.210 -346.673 -346.485
34060141240162 105 -305.271 -317.474 -312.364 -301.086 -301.725
34060141081271 55 -179.965 -190.050 -186.165 -172.780 -176.588
35060143150156 139 -318.522 -324.200 -321.677 -316.536 -317.073
35060143150262 139 -359.410 -365.859 -362.854 -357.954 -358.278
35060143130571 68 -186.558 -193.605 -190.767 -183.915 -183.770
35060143140571 19 -52.357 -51.876 -51.930 -52.043 -53.091
35070143240156 95 -198.032 -194.777 -195.674 -197.415 -206.145
35070143120262 87 -214.275 -212.701 -212.920 -213.466 -219.005
35070143060671 95 -282.846 -291.424 -287.308 -2B3.573 -283.050
36070144270156 125 -308.213 -315.528 -312.376 -305.089 -305.673
36070144140262 91 -256.889 -265.985 -262.243 -253.918 -253.788
36070144150671 90 -286.195 -296.870 -292.215 -284.716 -284.510
370S0144290156 104 -243.418 -253.411 -249.169 -243.421 -242.563
37060144280362 120 -346.934 -366.990 -358.488 -343.132 -343.723
37060144090671 98 -313.174 -332.397 -324.167 -308.785 -311.087
18080137140155 50 -138.428 -140.584 -139.642 -137.670 -137.746
18080137000158 50 -145.907 -148.394 -147.297 -144.973 -145.162

-104.321
-38.974
-98.817
-92.436
-92.114
-73.001
-96.308
-97.202
-85.824
-84.520
-129.208
-119.813
-73.437
-33.801
-35.821
-87.738
-84.242
-93.186
-52.137
-131.373
-125.415
-133.373
-50.481
-114.099
-71.323
-33.558
-145.945
-135.707
-147.315
-44.800
-15G.535
-135.075
-98.042
-57.822
-166.559
-233.449
-146.770
-346.488
-300.718
-172.288
-31G.488
-357.872
-183.820
-51.940
-197.040
-213.160
-283.955
-305.021
-253.675
-284.803
-243.638
-343.027
-308.522
-137.630
-144.962



Table 6 (continued)

Plot Code No. N LN G B w sB
18080137120262 50 -157.836 -160.572 -159.302 -156.801 -157.197 -156.832
18080137110571 38 -136.258 -139.053 -137.705 -134.208 -135.528 -134.343
18080237110155 45 -135.438 -136.208 -135.624 -135.446 -136.406 -135.462
18080237150158 38 -111.412 -109.754 -110.163 -111.495 -114.187 -111.5S8
18080237120262 38 -117.395 -116.102 -116.374 -117.549 -119.756 -117.632
18080237030571 24 -74.212 -73.606 -73.738 -74.431 -75.877 -74.559
21070138200155 71 -197.187 -205.547 -202.095 -194.264 -194.348 -194.088
21070138170158 40 -98.409 -98.242 -38.228 -98.352 -100.476 -98.330
21070138140262 40 -113.446 -113.385 -113.292 -113.374 -114.937 -113.352
21070138250671 21 -65.657 -65.902 -65.767 -65.533 -65.889 -85.526
22060138090155 56 -182.852 -183.576 -182.739 -181.952 -182.498 -181.704
22060138170158 35 -106.787 -106.667 -106.533 -107.016 -108.134 -107.153
22060138140362 29 -91.054 -90.731 -90.752 -91.730 -92.694 -92.148
22060138270671 19 -56.900 -56.902 -56.873 -56.390 -57.431 -57.516
23060138250155 74 -218.791 -220.589 -219.182 -218.368 -219.097 -218.330
23060138200158 58 -168.783 -170.988 -169.646 -169.098 -170.287 -169.323
23060138160262 54 -163.127 -164.585 -163.660 -163.214 -164.314 -183.302
23060138290671 35 -114.490 -115.726 -115.050 -114.420 -114.691 -114.415
24050138250155 59 -177.209 -183.052 -180.2B7 -176.378 -176.530 -176.428
24050138170158 41 -119.900 -120.456 -120.068 -119.834 -120.248 -119.567
24050138160262 39 -118.058 -118.808 -118.378 -117.793 -118.321 -117.763
24050138300671 23 -78.402 -80.037 -79.336 -75.119 -77.742 -76.817
24060138200155 59 -166.041 -166.973 -166.190 -165.323 -167.371 -165.942
24060138150158 43 -125.025 -127.899 -126.515 -125.276 -125.413 -125.396
24060138150262 35 -102.583 -102.333 -102.289 -102.449 -103.848 -102.401
24060138300671 23 -70.226 -70.285 -70.206 -70.142 -70.726 -70.123
25070138010255 58 -175.337 -177.247 -176.132 -174.97S -175.455 -174.915
25070138210158 48 -145.717 -146.268 -145.800 -145.512 -146.490 -145.454
25070138150262 36 -113.520 -112.659 -112.793 -113.449 -114.913 -113.456
25070138060771 18 -58.070 -57.805 -57.842 -58.374 -59.010 -58.613
26A60140260155 91 -232.601 -238.085 -235.545 -232.191 -232.341 -232.272
26A60140210158 73 -179.247 -179.161 -178.944 -178.985 -182.188 -178.913
26A60140210262 74 -198.028 -198.494 -198.029 -197.881 -200.385 -197.843
26A60140220771 33 -107.825 -110.238 -109.185 -105.812 -106.912 -105.879
09060135270155 52 -137.269 -137.129 -137.000 -137.077 -139.292 -137.010
09060135210158 45 -116.903 -116.746 -116.684 -116.810 -119.144 -116.777
09060135160262 45 -121.912 -121.446 -121.504 -121.803 -124.348 -121.760
09060135200771 22 -64.580 -64.895 -64.604 -64.615 -65.528 -64.640
14060136140155 61 -183.477 -183.878 -183.021 -182.605 -183.550 -182.354



Table 7 76

Values of the Kolmogorov-Smirnov statistic d for the normal(N), lognormal(LI 
gamma(G), beta(B), Weibull(W), and S , with the critical value for the 5% 
significance level; diameter data.

Plot Code No. N LN G B W SB 5%

31A50141230156 95 0.1188 0.0944 0.1030 0.1115 0.1246 0.1084 0.1395
31A50141210362 85 0.0577 0.0422 0.0369 0.0674 0.0833 0.0633 0.1475
31A50141230871 57 0.0673 0.0574 0.0574 0.0722 0.1017 0.0714 0.1801
31ASÖ141280155 101 0.0631 0.0582 0.0611 0.0562 0.0587 0.0551 0.1353
31A60141220158 79 0.0353 0.0597 0.0493 0.0497 0.0577 0.0503 0.1530
31A60141140382 76 0.0545 0.0611 0.0543 0.0722 0.0761 0.0689 0.1560
31AGO141230871 56 0.0653 0.0595 0.0548 0.0706 0.0798 0.0858 0.1817
32AB0141190156 97 0.0290 0.0461 0.0396 0.0310 0.0573 0.0312 0.1381
32AS0141210158 75 0.0806 0.0537 0.0624 0.0766 0.1084 0.0749 0.1570
32A60141210262 57 0.0796 0.0558 0.0593 0.0758 0.0917 0.0732 0.1801
32A60141250871 36 0.1053 0.0973 0.1010 0.1020 0.0937 0.1004 0.2267
33A60141020255 115 0.0519 0.1001 0.0834 0.0480 0.0402 0.0481 0.1268
33A60141220158 79 0.1218 0.0974 0.1059 0.1177 0.12G4 0.1145 0.1530
33AS01412803S2 69 0.0592 0.0422 0.0467 0.0582 0.0915 0.0572 0.1637
33A60141061271 43 0.0948 0.0611 0.0713 0.0930 0.1197 0.0836 0.2074
27070140250156 98 0.0453 0.0909 0.0752 0.0466 0.0499 0.0470 0.1374
27070140150262 56 0.1016 0.0762 0.0851 0.1135 0.1221 0.1085 0.1817
27070140270771 26 0.1027 0.1287 0.1194 0.1141 0,1293 0.1142 0.2S40
27080139280155 98 0.0503 0.0923 0.0780 0.0577 0.0487 0.0580 0.1374
27080139210158 71 0.0799 0.0G2S 0.0678 0.0797 0.1200 0.0790 0.1614
27080139150262 59 0.0859 0.0573 0.0662 0.0852 0.1192 0.0845 0.1771
27080139230771 33 0.0776 0.0667 0.0510 0.0828 0.0976 0.0843 0.23B7
28A60140260155 77 0.0627 0.0469 0.0489 0.0680 0.0761 0.0640 0.1550
28AG0140200158 61 0.0455 0.0744 0.0635 0.0872 0.0662 0.0757 0.1741
28A60140160262 46 0.0853 0.1260 0.1127 0.0653 0.0724 0.0659 0.2005
28A60140280771 35 0.0741 0.1284 0.1082 0.0981 0.0775 0.0988 0.2299
29070140280155 88 0.0609 0.0981 0.0857 0.0631 0.0735 0.0643 0.1450
29070140210158 66 0.0704 0.1074 0.0946 0.0726 0.0897 0.0741 0.1674
29070140210362 65 0.0535 0.0632 0.0511 0.0577 0.0822 0.0589 0.1687
29070140200871 44 0.0715 0.0820 0.0722 0.0829 0.0978 0.0834 0.2050
30B60143240156 109 0.0563 0.0681 0.0552 0.0508 0.0753 0.0494 0.1303
30B60143140362 101 0.0578 0.0755 0.0591 0.0514 0.0622 0.0531 0.1353
30860143151271 92 0.0518 0.0772 0.0610 0.0517 0.0510 0.0556 0.1418
30B70143240156 135 0.0474 0.0759 0.0638 0.0358 0.0331 0.0362 0.1171
30B70143210262 117 0.0473 0.0613 0.0548 0.0428 0.0536 0.0402 0.1257
30B70143101271 109 0.0435 0.0837 0.0661 0.0331 0.0367 0.0319 0.1303
01A50127260155 43 0.1020 0.0826 0.0887 0.1002 0.1430 0.0980 0.2074
01A50127160158 40 0.0860 0.0703 0.0751 0.0844 0.1268 0.0839 0.2150
01A50127130262 40 0.0716 0.0701 0.0702 0.0742 0.0984 0.0741 0.2150
01A50127080771 25 0.1070 0.1296 0.1222 0.0992 0.1061 0.0974 0.2700
01A60127170155 33 0.0926 0.0862 0.0883 0.0810 0.1156 0.0928 0.2367
01A60127160158 32 0.109S 0.1028 0.1055 0.1093 0.1105 0.1088 0.2404
01A60127120262 32 0.1130 0.1044 0.1076 0.1128 0.1308 0.1124 0.2404
01AB0127011167 16 0.1521 0.1434 0.1464 0.1570 0.1769 0.1583 0.3280
01A60127080771 16 0.1670 0.1469 0.1535 0.1869 0.2078 0.2049 0.3280
01A70127180155 39 0.0942 0.0801 0.0850 0.1090 0.1107 0.1094 0.2178
01A70127160158 36 0.0885 0.0772 0.0812 0.0937 0.0966 0.0S44 0.2267
01A70127130262 36 0.0743 0.0828 0.0758 0.0821 0.0875 0.0823 0.2267
01A70127011167 22 0.1150 0.1124 0.1131 0.1258 0.1451 0.1256 0.2840
01A70127090771 22 0.1256 0.1323 0.1279 0.1429 0.1513 0.1418 0.2840
02A70128200155 38 0.1346 0.1196 0.1249 0.1343 0.1374 0.1327 0.220S
02A70128170158 34 0.1210 0.1039 0.1133 0.1210 0.1138 0.1214 0.2332
02A70128140262 30 0.1162 0.1048 0.1089 0.1179 0.1189 0.1191 0.2400
02A70128120771 19 0.0820 0.0857 0.0842 0.0894 0.0927 0.0876 0.3010
03060128180155 51 0.1617 0.1420 0.1486 0.1576 0.1998 0.1559 0.1304
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Table 7 (continued)
Plot Code No. N LN

03060128170158 43 0.1416 0.1224
030601281402 B 2 35 0.1432 0.1238
03060128130771 35 0.1161 0.0940
04A 5012 B 180155 38 0.1038 0.0880
04A 50128170158 37 0.1252 0.1049
04A 5 0 128140771 25 0.1838 0.1572
04A 6012 Q 180155 35 0.0713 0.0821
04A 6012816015 B 34 0.0697 0.0738
04A G 01281302S 2 28 0.0850 0.0673
04A G 0 128130771 20 0.0909 0.0944
04870128180155 48 0.1345 0.1146
04870128150158 43 0.1140 0.0998
04370128140282 26 0.1144 0.0964
04370128011167 13 0.1245 0.1103
04870128140771 13 0.1061 0.1098
07050135180155 38 0.0859 0.0733
07050135200158 34 0.0637 0.0779
07050135150282 34 0.0775 0.0820
07050135150771 20 0.1302 0.1221
07080135140155 50 0.0515 0.0477
07080135200158 47 0.0696 0.0644
07060135010262 47 0.0758 0.0798
07080135180771 19 0.1379 0.1195
07070135280155 39 0.1539 0.1420
07070135220382 23 0.0923 0.1249
07070135160771 12 0.1082 0.1119
08070135190155 52 0.0641 0.0453
08070135170158 48 0.0693 0.0456
08070135140282 46 0 .05 G 6 0.0460
08070135190771 14 0.1958 0.1869
08080135190155 57 0.0526 0.0631
08080135200158 48 0.0546 0.0591
08080135280362 33 0.0712 0.0544
08080135200771 17 0.0631 0.0790
34050141250158 65 0.1077 0.0828
34050141280362 78 0.0634 0.0474
34050141071271 45 0.0616 0.1229
34060141240156 135 0.0802 0.1116
34060141240162 105 0.0975 0.1544
34080141091271 55 0.1905 0.2481
35060143150156 139 0 .0 S S 2 0.1021
35060143150262 139 0.0457 0.0819
35060143130571 68 0.0987 0.1428
35060143140571 19 0.1268 0 .08 B 5
35070143240156 95 0.0780 0.0659
35070143120262 87 0.0868 0.0847
35070143060671 95 0.0424 0.0892
38070144270156 125 0.0677 0.0749
38070144140262 91 0.0591 0.1019
36070144150671 90 0.0722 0.1349
37060144290156 104 0.0652 0.1088
37060144280362 120 0.0786 0.1523
37060144090671 S 3 0.1025 0.1662
18080137140155 50 0.0687 0.0883
18080137000158 50 0.0567 0.0874

G B w SB 5%

0.1288 0 .13B 0 0.1784 0.1349 0.2074
0.1302 0.1413 0.1834 0.1402 0.2299
0.1014 0.1154 0.1510 0.1180 0.2299
0.0935 0.0994 0.1234 0.0977 0.2206
0.1113 0.1211 0.1721 0.1191 0.2238
0.1859 0.1862 0.2159 0.1852 0.2700
0.0734 0.0701 0.0385 0.0698 0.2299
0.0727 0.0694 0.0847 0.0690 0.2332
0.0738 0.0840 0.0944 0.0841 0.2480
0.0925 0.0710 0.0841 0.0709 0.2940
0.1214 0.1326 0.1545 0.1318 0.1963
0.1048 0.1131 0.1302 0.1100 0.2074
0.1015 0.1781 0.1474 0.1243 0 .2 B 40
0.1150 0.3175 0.1813 0.1759 0.3610
0.1066 0.3150 0.1596 0.1604 0.3610
0.0778 0.0822 0 .1180’ 0.0826 0.2206
0.0714 0.0623 0.0648 0.0619 0.2332
0.0742 0.0771 0.0949 0.0770 0.2332
0.1249 0.1313 0.1629 0.1338 0.2940
0.0491 0.0491 0.0871 0.0482 0.1923
0.0864 0.0681 0.0728 0.0673 0.1984
0.0788 0.0707 0.0589 0.0715 0.1984
0.1257 0.1374 0.1728 0.1414 0.3010
0.1484 0.1529 0.1501 0.1540 0.2178
0.1137 0.1384 0.0850 0.1261 0.2790
0.1108 0.1418 0.1573 0.1585 0.3750
0.0502 0.0663 0.1000 0.0652 0.1888
0.0530 0.0730 0.1051 0.0742 0.2005
0.0433 0.0575 0.0770 0.0556 0.2005
0.1901 0.1976 0.1955 0.1992 0.3490
0.0571 0.0544 0.0625 0.0550 0.1801
0.0570 0.0583 0.0710 0.0582 0.1983
0.0582 0.0772 0.1080 0.0795 0.2367
0.0761 0.1081 0.0869 0.0892 0.3180
0.0845 0.1003 0.1382 0.0930 0.1887
0.0386 0.0492 0.0718 0.0471 0.1540
0.0994 0.0694 0.0540 0.0720 0.2027
0.0990 0.0581 0.0571 0.0558 0.1171
0.1354 0.0772 0.0693 0.0724 0.1327
0.2289 0.1425 0.1583 0.1325 0.1834
0.0902 0.0474 0.0561 0.0478 0.1154
0.0704 0.0462 0.0543 0.0469 0.1154
0.1279 0.0777 0.0832 0,0779 0.1643
0.1015 0.1106 0.1467 0.1043 0.3010
0.0698 0.0761 0.1232 0.0734 0.1395
0.0694 0.0777 0.1034 0.0731 0.1458
0.0739 0.0500 0.0617 0.0520 0.1395
0.0734 0.0442 0.0543 0.0462 0.1218
0.0857 0.0599 0.0488 0.0591 0.1426
0.1127 0.0660 0.0562 0.0661 0.1434
0.0926 0.0757 0.0833 0.0783 0.1334
0.1260 0.0743 0.0589 0.0748 0.1242
0.1460 0.0819 0.0978 0.0801 0.1374
0.0751 0.0597 0.0549 0.0594 0.1923
0.0733 0.0519 0.0506 0.0514 0.1923



Table 7 (continued)
Plot Code No. N L N G B w s B 5%

180801371202G 2 50 0.0771 0.1170 0.1043 0.0733 0.0620 0.0693 0.1923
18080137110571 38 0.0919 0.1481 0.1301 0.1006 0.0935 0.0875 0.2206
18080237110155 45 0.0916 0.0905 0.0806 0.0968 0.1164 0.0975 0.2027
18080237150158 38 0.1176 0.0892 0.0970 0.1229 0.1533 0.1108 0.2206
18080237120262 38 0.1188 0.0999 0.1053 0.1271 0.1555 0.1288 0.2206
18080237030571 24 0.2127 0.1851 0.1342 0.2199 0.2419 0.2250 0.2740
21070138200155 71 0.0693 0.1164 0.1005 0.0416 0.0507 0.0369 0.1614
21070138170158 40 0.0861 0.0709 0.0763 0.0826 0.1057 0.0834 0.2150
21070138140262 40 0.1013 0.0742 0.0832 0.1011 0.1342 0.1022 0.2150
21070138250671 21 0.1496 0.1232 0.1323 0.1603 0.1737 0.1583 0.2890
22060138090155 56 0.0818 0.0968 0.0930 0.0819 0.0765 0.0819 0.1817
22060138170158 35 0.0853 0.0859 0.0771 0.0803 0.0685 0.0799 0.2299
22060138140362 29 0.0832 0.0833 0.0825 0.0362 0.1034 0.1015 0.2460
22060138270671 19 0.0813 0.0895 0.0869 0.0835 0.1167 0.1423 0.3010
23060138250155 74 0.0439 0.0687 0.0579 0.0485 0.0488 0.0491 0.1581
23060138200158 58 0 .0S 88 0.0828 0.0761 0.0742 0.0828 0.0773 0.1786
23060138160262 54 0.0557 0.0937 0.0735 0.0657 0.0792 0.0684 0.1851
230S 0138290671 35 0.0878 0.1285 0.1137 0.0926 0.0832 0.0946 0.2299
24050138250155 59 0.0818 0.0842 0.0681 0.0813 0.0908 0.0797 0.1771
24050138170158 41 0.0430 0.0674 0.0548 0.0415 0.0833 0.0401 0.2124
24050138160262 39 0.0969 0.0905 0.0778 0.1088 0.1255 0.1055 0.2178
24050138300671 23 0.0814 0.1057 0.0895 0.2131 0.0830 0.1298 0.2790
24060138200155 59 0.0684 0.0715 0.0690 0.0714 0.0854 0.0728 0.1771
24060138150158 43 0.0812 0.0811 0.0793 0.0917 0.1005 0.0942 0.2074
24060138150262 35 0.0994 0.0678 0.0783 0.0981 0.1263 0.0969 0.2299
24060138300671 23 0.0837 0.0794 0.0813 0.0819 0.1091 0.0818 0.2790
25070138010255 58 0.0575 0.0694 0.0651 0.0666 0.0704 0.0677 0.1786
25070138210158 48 0.0649 0.0460 0.0512 0.0677 0.0914 0.0681 0.1963
25070138150262 36 0.0999 0.0649 0.0767 0.1034 0.1169 0.1026 0.2267
25070138060771 18 0.1336 0.1106 0.1186 0.1424 0.1403 0.1448 0.3090
26A 60140260155 91 0.0483 0.0620 0.0539 0.0606 0.0643 0 .0 S 1G 0.1426
26A 60140210158 73 0.0911 0.0673 0.0748 0.0857 0.1277 0.0830 0.1592
26A G O 140210262 74 0.0565 0.0402 0.0405 0.0485 0.0793 0.0474 0.1581
26A 60140220771 33 0.0682 0.0980 0.0858 0.0554 0.0673 0.0548 0.2367
090S 0135270155 52 0.0639 0.0451 0.0508 0.0619 0.1000 0.0605 0.1886
03060135210158 45 0.1051 0.0804 0.0886 0.1015 0.1413 0.0985 0.2027
08060135160262 45 0.1481 0.1241 0.1321 0.1466 0.1791 0.1458 0.2027
09060135200771 22 0.0883 0.0691 0.0727 0.0901 0.1134 0.0911 0.2840
14060136140155 61 0.0661 0.0725 0.0611 0.0546 0.0696 0.0518 0.1741
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Figure 14

Plot of the maximum observed tree height against tree age, for 
all data sets. The curve for maximum height used in the iteration 
procedure is also plotted.
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Table 8

Values of the maximized log-likelihood for the normal(N) , 
lognormal(LN), gamma(G), beta(B), Weibull(W), and S for 
the height data. ®

Plot Code No.

31A5014123015G 95 
31A501412103G2 85 
31A50141230871 57 
31AG0141280155 101 
31AG0141220158 79 
31AGO141140362 76 
31A60141230871 5S 
32AS0141190156 97 
32AG0141210158 75 
32AG01412102G2 57 
32AG0141250871 3G 
33AG0141020255 115 
33A60141220158 79 
33AG01412803G2 G9 
33A60141061271 43 
2707014025015G 98 
27070140150262 56 
27070140270771 26 
27080139280155 98 
27080139210158 71 
27080139150262 59 
27080139230771 33 
28A60140260155 77 
28AG0140200158 61 
2BAG0140160262 46 
2BA60140280771 35 
29070140280155 88 
29070140210158 6G 
29070140210362 65 
29070140200871 44 
30B60143240156 109 
30BS0143140362 101 
30BG0143151271 92 
30B70143240156 135 
30B701432102S2 117 
30B70143101271 109 
01A50127280155 43 
01A50127160158 40 
01A50127130262 40 
01A50127080771 25 
01A60127170155 33 
01A60127160158 32 
01A60127120262 32 
01A60127011167 16 
01A60127080771 16 
01A70127180155 39 
01A70127160158 36 
01A70127130262 36 
01A70127011167 22 
01A70127090771 22 
02A70128200155 3B 
02A7012817015B 34 
02A70128140262 30 
02A70128120771 19 
03060128180155 51

N LN

-166.480 -170.518
-188.684 -195.140
-114.535 -115.900
-196.617 -204.754
-156.003 -160.648
-164.743 -168.503
-135.784 -137.418
-180.974 -181.980
-142.838 -142.078
-122.593 -124.513
-98.477 -98.666
-222.112 -229.317
-139.073 -141.457
-146.843 -151.307
-92.804 -94.078
-195.331 -198.702
-107.314 -10B.024
-54.674 -55.002
-177.647 -180.397
-133.720 -135.369
-120.554 -123.247
-85.090 -88.941
-133.017 -134.560
-117.840 -117.277
-99.359 -102.053
-85.872 -89.353
-149.218 -153.037
-117.319 -118.793
-125.701 -127.229
-97.531 -101.437
-188.113 -190.833
-223.498 -230.695
-238.139 -244.067
-254.577 -259.105
-271.760 -278.438
-297.207 -306.791
-66.942 -67.276
-73.596 -74.019
-74.254 -73.905
-48.431 -43.464
-52.873 -53.030
-53.039 -52.815
-58.941 -60.140
-27.457 -27.898
-24.963 -25.241
-72.943 -74.095
-64.873 -64.473
-45.730 -46.155
-32.901 -32.996
-41.818 -41.993
-54.894 -54.765
-54.934 -55.330
-41.265 -41.075
-27.704 -27.559
-96.876 -96.795

G B

-168.914 -163.950
-192.666 -186.271
-115.371 -112.960
-201.497 -193.593
-158.879 -152.463
-167.078 -160.888
-136.783 -133.764
-181.402 -180.381
-142.189 -142.476
-123.725 -121.568
-98.495 -97.986
-226.467 -217.952
-140.484 -138.492
-149.621 -143.475
-93.592 -91.287
-197.480 -194.300
-107.734 -106.784
-54.879 -53.763
-179.309 -176.135
-134.730 -131.884
-122.270 -117.309
-87.553 -76.851
-133.836 -133.011
-117.305 -117.793
-101.039 -96.794
-88.103 -79.673
-151.617 -144.312
-118.203 -116.267
-126.621 -125.230
-100.041 -90.304
-189.645 -187.532
-227.984 -214.369
-241.768 -229.737
-257.193 -250.518
-275.710 -267.288
-302.859 -292.147
-67.133 -68.770
-73.848 -73.299
-74.000 -74.191
-48.441 -48.362
-52.953 -52.774
-52.867 -53.074
-59.727 -55.394
-27.74G -27.632
-25.141 -23.573
-73.668 -71.931
-64.586 -64.961
-45.938 -31.990
-32.938 -32.835
-41.926 -42.250
-54.797 -53.112
-55.211 -54.655
-41.141 -41.330
-27.609 -36.976
-96.770 -96.790

-164.181 -163.984
-184.697 -185.955
-113.604 -113.188
-193.229 -193.554
-152.450 -152.497
-161.221 -161.001
-134.164 -133.832
-182.133 -180.384
-146.262 -142.303
-121.956 -121.G23
-98.618 -97.984
-217.467 -217.626
-13S.324 -138.481
-143.054 -143.294
-91.678 -91.452
-194.976 -194.347
-107.608 -108.821
-54.163 -53.931
-176.591 -176.095
-132.518 -132.061
-117.014 -117.187
-79.822 -77.335
-134.838 -133.032
-123.053 -117.688
-97.007 -96.895
-81.392 -80.177
-144.539 -144.330
-117.003 -116.359
-126.273 -125.200
-91.153 -90.206
-188.698 -187.512
-216.240 -214.084
-233.111 -229.982
-252.334 -251.047
-268.120 -267.184
-293.296 -292.172
-68.008 -66.776
-74.084 -73.317
-77.437 -74.149
-48.955 -48.378
-53.755 -52.789
-56.499 -53.073
-54.980 -55.070
-26.024 -26.088
-23.606 -23.493
-72.127 -71.878
-68.669 -64.971
-43.704 -43.498
-33.802 -32.832
-42.037 -41.618
-57.014 -54.947
-55.524 -54.639
-44.785 -41.355
-30.471 -27.736
-98.101 -96.757
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Table 8 (continued)

Plot Code No. N LN G B W sB
03080128170158 43 -81.931 -83.365 -82.852 -78.641 -78.909 -78.640
03060128140282 35 -58.378 -59.168 -58.887 -56.257 -56.273 -55.BS3
030G0128130771 35 -62.335 -62.9B3 -62.742 -60.750 -61.115 -60.940
04A50128180155 38 -56.265 -55.725 -55.883 -56.129 -60.692 -56.045
04A50128170158 37 -61.404 -61.220 -61.254 -61.342 -64.075 -61.308
04A50128140771 25 -40.537 -40.755 -40.668 -40.435 -41.156 -40.418
04A60128180155 35 -75.605 -75.323 -75.361 -75.490 -77.423 -75.431
04A60128160158 34 -69.307 -69.297 -69.268 -69.246 -70.293 -69.225
04A801281302G2 23 -58.429 -58.599 -58.523 -57.417 -58.280 -57.884
04AG0128130771 20 -42.111 -42.551 -42.389 -41.433 -41.549 -41.477
04670128180155 48 -95.815 -95.983 -95.883 -95.829 -98.245 -95.832
04870128150158 43 -88.989 -89.539 -89.309 -89.818 -89.966 -88.820
04370128140262 26 -50.855 -51.154 -51.035 -50.257 -50.572 -50.343
048701280111G7 13 -25.744 -25.917 -25.857 -15.596 -24.858 -24.066
04870128140771 13 -27.012 -27.192 -27.129 -18.105 -26.280 -25.778
07050135130155 38 -59.230 -59.993 -59.713 -57.016 -57.865 -57.485
07050135200158 34 -57.961 -58.612 -58.367 -56.384 -57.002 -56.690
070501351502G2 34 -56.773 -57.194 -57.035 -54.155 -55.971 -55.532
07050135150771 20 -32.881 -32.970 -32.938 -32.832 -33.478 -32.835
07060135140155 50 -79.442 -79.531 -79.453 -79.402 -81.366 -79.387
07060135200158 47 -78.023 -77.484 -77.625 -77.889 -81.670 -77.806
070G01350102G2 47 -83.696 -89.260 -89.012 -88.569 -89.791 -83.574
070601351S0771 19 -37.341 -37.335 -37.326 -37.315 -37.866 -37.306
070701352S0155 39 -80.813 -81.403 -81.148 -80.551 -81.153 -80.558
07070135220362 23 -48.816 -49.515 -49.268 -45.250 -46.959 -46.324
070701351G0771 12 -23.144 -22.997 -23.047 -23.300 -24.179 -23.215
08070135190155 52 -106.959 -109.446 -108.527 -103.260 -103.739 -103.388
08070135170158 46 -93.505 -95.433 -84.723 -90.590 -91.031 -90.813
08070135140262 46 -102.127 -104.720 -103.773 -98.433 -98.515 -98.416
08070135190771 14 -24.322 -24.285 -24.301 -22.938 -24.659 -24.317
08080135190155 57 -123.162 -124.763 -124.104 -122.897 -123.619 -122.890
08080135200158 48 -104.960 -108.601 -107.264 -99.982 -100.216 -99.795
08080135280362 33 -67.040 -68.116 -67.730 -65.293 -65.209 -65.262
08080135200771 17 -38.464 -38.766 -38.652 -37.901 -38.009 -37.940
34050141250156 65 -101.757 -102.762 -102.309 -101.291 -102.330 -101.330
34050141280362 78 -163.126 -167.261 -165.682 -159.359 -159.310 -159.164
34050141071271 45 -104.073 -110.368 -108.106 -96.926 -96.695 -96.115
34060141240156 135 -238.855 -242.051 -240.646 -237.526 -238.852 -237.546
34060141240162 105 -235.627 -246.258 -242.164 -228.876 -228.227 -228.011
34060141091271 55 -136.069 -141.747 -139.703 -124.993 -128.802 -125.403
35060143150156 139 -203.696 -205.860 -204.938 -202.361 -204.259 -202.438
35060143150262 139 -264.457 -270.440 -268.082 -263.267 -263.112 -263.138
35060143130571 66 -133.665 -138.764 -136.879 -129.534 -128.176 -129.026
35060143140571 19 -33.390 -34.457 -34.073 -31.783 -31.691 -31.714
35070143240156 95 -123.874 -125.842 -125.078 -122.763 -123.820 -122.720
35070143120262 87 -158.259 -156.991 -157.250 -158.212 -168.017 -158.040
35070143060671 95 -210.944 -217.805 -215.146 -208.527 -207.406 -208.298
36070144270156 125 -199.776 -202.762 -201.203 -196.601 -198„823 -196.489
36070144140262 91 -183.415 -189.227 -187.055 -177.933 -177.497 -177.724
36070144150671 90 -217.451 -224.047 -221.576 -210.820 -211.227 -210.634
370601442S0156 104 -165.011 -169.466 -167.680 -163.334 -163.653 -163.337
37060144280362 120 -261.001 -274.314 -269.045 -255.537 -254.587 -255.015
37060144090671 98 -240.267 -255.498 -249.461 -235.221 -234.031 -234.512
18080137140155 50 -100.554 -102.969 -102.066 -98.217 -98.159 -38.192
18080137000158 50 -109.267 -112.278 -111.180 -105.145 -105.176 -104.914
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Plot Code

180801371202S2 
13080137110571 
18080237110155 
18080237150158 
180802371202S2 
18080237030571 
21070138200155 
21070138170158 
21070138140262 
21070139250671 
22060138090155 
22060138170158 
22080138140362 
22060138270671 
23060138250155 
2306013820015B 
23060138160262
23060138290671 
24050138250155 
24050138170158 
240501381.60262 
24050138300671 
24060138200155 
24060138150158 
24060138150262 
24060138300671 
25070138010255 
25070138210158 
25070138150262 
25070138060771 
26A60140260155 
2SA60140210158 
26AS0140210262 
26A60140220771 
09060135270155 
09060135210158 
09060135160262 
09060135Z00771 
14060136140155

Table 8 (continued)

No . N LN G

50 -119.030 -123.524 -121.900
36 -107.940 -112.071 -110.569
45 -86.363 -86.386 -86.725
38 -73.863 -74.330 -74.141
38 -80.759 -81.278 -81.072
24 -52.338 -52.825 -52.645
71 -146.113 -148.424 -147.401
40 -86.477 -87.033 -86.775
40 -88.914 -90.012 -89.578
21 -47.719 -49.714 -49.014
56 -141.791 -152.S91 -147.927
35 -72.566 -72.845 -72.700
29 -58.202 -58.738 -58.531
19 -39.330 -38.565 -39.477
74 -153.275 -156.599 -155.216
58 -110.404 -113.112 -112.072
54 -116.550 -120.002 -118.687
35 -63.466 -85.370 -84.625
59 -125.309 -133.264 -130.188
41 -88.870 -92.883 -91.387
39 -88.398 -91.526 -90.353
23 -60.657 -63.876 -62.671
59 -118.921 -124.282 -122.154
43 -81.044 -82.467 -81.896
35 -66.394 -66.80S -66.629
23 -43.602 -48.347 -48.414
58 -108.815 -110.793 -109.966
48 -100.412 -103.070 -102.019
36 -75.447 -75.668 -75.543
18 -28.410 -28.286 -28.320
91 -156.198 -161.635 -159.447
73 -119.076 -119.066 - 1 1 8 . ass
74 -153.933 -153.555 -153.490
33 -77.239 -78.239 -77.849
52 -102.136 -103.106 -102.G74
45 -81.082 -81.433 -01.273
45 -85.415 -87.200 -86.551
n o -37.752 -37.957 -37.883
61 -127.241 -128.962 -128.225

B W SB
-109.356 -112.424 -110.057
-98.263 -103.132 -98.353
-86.050 -86.780 -86.056
-73.306 -73.838 -73.392
-79.153 -80.092 -79,679
-51.658 -51.743 -51.660
-145.105 -145.316 -145.202
-85.839 -86.438 -85.941
-87.094 -88.042 -87.585
-36.072 -43.526 -42.187
-135.303 -140.139 -136.534
-72.392 -73.066 -72.390
-57.557 -57.854 -57.631
-33.004 -39.242 -39.041
-151.109 -151.766 -151.263
-108.426 -108.483 -108.450
-113.429 -113.537 -113.473
-78.474 -82.044 -81.561
-119.810 -121.050 -119.959
-84.991 -85.250 -84.789
-86.185 -85.773 -85.999
-58.255 -58.468 -58.240
-116.085 -116.176 -116.020
-80.437 -80.729 -80.452
-66.159 -66.756 -66.170
-48.554 -50.051 -48.523
-107.525 -108.222 -107.727
-903845 -98.392 -98.902
-75.428 -76.727 -75.424
-28.671 -29.853 -28.427
-154.726 -154.621 -154.706
-118.362 -121.598 -118.923
-154.200 -161.669 -154.142
-74.557 -76.116 -75.331
-101.799 -102.611 -101.824
-80.916 -81.971 -80.926
-82.222 -82.699 -62.414
-37.515 -37.933 -37.528
-126.072 -126.546 -126.114



Table 9 83

Values of the Kolmogorov-Smirnov statistic d for the normal(N), lognormal( 
gamma(G), beta(B), Weibull(W), and S , with the critical value for the 5% 
significance level; height data.

Plot Code No. N LN G B W SB 5%

31A5014123015S 95 0.0550 0.0794 0.0718 0.0640 0.0587 0.0618 0.1395
3J.A50141210362 85 0.0727 0.0953 0.0871 0.0799 0.0761 0.0816 0.1475
31A50141230871 57 0.0395 0.0511 0.0471 0.0764 0.0703 0.0658 0.1801
31A60141280155 101 0.0452 0.0832 0.0706 0.0555 0.0519 0.0576 0.1353
31AGO141220158 79 0.0924 0.1197 0.1106 0.0820 0.068S 0.0781 0.1530
31AS014I1403S2 78 0.0679 0.0938 0.0851 0.0607 0.0539 0.0594 0.1560
31A60141230871 58 0.0574 0.0717 0.0666 0.0417 0.0473 0.0412 0.1817
32AGO141190158 97 0.0456 0.0419 0.0410 0.0574 0.0746 0.0534 0.1381
32AG0141210158 75 0.0928 0.0795 0.0784 0.0881 0.1192 0.0849 0.1570
32A601412102G2 57 0.0435 0.0855 0.0575 0.0757 0.0834 0.0739 0.1801
32A80141250871 38 0.1201 0.1230 0.1226 0.1124 0.1093 0.1148 0.2267
33AS0141020255 115 0.0860 0.1061 0.1001 0.0667 0.0609 0.0661 0.1268
33AG0141220158 79 0.0777 0.0738 0.0748 0.0901 0.1076 0.0905 0.1530
33AG0141280362 89 0.0825 0.1108 0.1014 0.0645 0.0546 0.0652 0.1637
33AG0141061271 43 0.0793 0.0947 0.0900 0.0886 0.0798 0.0802 0.2074
2707014025015S 98 0.0540 0.0735 0.0674 0.0540 0.0528 0.0521 0.1374
27070140150282 56 0.0510 0.0539 0.0494 0.0639 0.0713 0.0635 0.1817
27070140270771 28 0.0886 0.0925 0.0912 0.1080 0.1140 0.1101 0.2640
27080139280155 96 0.0465 0.0635 0.0582 0.0641 0.0767 0.0641 0.1374
27030139210158 71 0.0511 0.0625 0.0588 0.0623 0.0S82 0.0631 0.1614
27080139150282 59 0.0892 0.1089 0.1024 0.0811 0.0849 0.0820 0.1771
27080139230771 33 0.1207 0.1520 0.1419 0.1047 0.0749 0.0602 0.2367
28A801402G0155 77 0.0615 0.0621 0.0538 0.0685 0.0985 0.0689 0.1550
28AS0140200158 81 0.1482 0.1379 0.1409 0.1486 0.1321 0.1472 0.1741
28A801401G02G2 46 0.0788 0.1050 0.0982 0.0347 0.0343 0.0956 0.2005
28AS0140280771 35 0.1452 0.1802 0.1668 0.1496 0.0834 0.1199 0.229S
29070140280155 88 0.0686 0.0799 0.0757 0.0622 0.0502 0.0572 0.1450
29070140210158 66 0.0514 0.0522 0.0476 0.0793 0.0836 0.0777 0.1674
29070140210382 65 0.0737 0.0775 0.0759 0.0766 0.0886 0.0766 0.1687
29070140200871 44 0.1107 0.1375 0.1288 0.0641 0.0422 0.0472 0.2050
30860143240156 109 0.0444 0.0537 0.0498 0.0452 0.0626 0.0453 0.1303
30B60143140362 101 0.1111 0.1234 0.1196 0.0736 0.0926 0.0737 0.1353
30BS0143151271 92 0.1215 0.1409 0.1350 0.0634 0.0956 0.0679 0.1418
30B70143240156 135 0.0484 0.0574 0.0547 0.0529 0.0474 0.0472 0.1171
30B70143210262 117 0.0628 0.0821 0.0763 0.0556 0.0871 0.0584 0.1257
30B70143101271 109 0.0799 0.1213 0.1084 0.0439 0.0451 0.0436 0.1303
01A50127260155 43 0.0790 0.0723 0.0746 0.0924 0.1287 0.0911 0.2074
01A50127160158 40 0.0703 0.0819 0.0648 0.0894 0.1182 0.0863 0.2150
01A50127130262 40 0.0876 0.0752 0.0794 0.0861 0.1310 0.0852 0.2150
01A50127080771 25 0.1259 0.1143 0.1182 0.1452 0.1644 0.1347 0.2700
01A60127170155 33 0.1159 0.1082 0.1106 0.1242 0.1326 0.1216 0.2367
01A60127160158 32 0.0910 0.0867 0.0880 0.0902 0.0913 0.0310 0.2404
01A60127120262 32 0.1267 0.1320 0.1301 0.1290 0.1113 0.1235 0.2404
01A60127011187 16 0.0885 0.0742 0.0713 0.2708 0.1236 0.1216 0.3280
01A601270S0771 18 0.0864 0.0909 0.0891 0.2411 0.1437 0.1457 0.3280
01A70127180155 39 0.0987 0.0875 0.0909 0.1299 0.1484 0.1319 0.2178
01A70127180158 38 0.0855 0.0333 0.0840 0.0851 0.1199 0.0857 0.2267
01A7012713C2S2 38 0.0896 0.0937 0.0920 0.3131 0.0935 0.0897 0.2267
01A70127011187 22 0.1041 0.1022 0.1028 0.1143 0.1528 0.1127 0.2840
01A70127090771 22 0.0691 0.0596 0.0630 0.3272 0.1182 0.0910 0.2840
02A70128200155 3B 0.2078 0.2024 0.2042 0.2923 0.2301 0.2102 0.2206
02A70128170158 34 0.1212 0.1136 0.1153 0.1408 0.1720 0.1420 0.2332
02A70128140262 30 0.1232 0.1242 0.1241 0.1223 0.1735 0.1238 0.2400
02A70128120771 19 0.1515 0.1451 0.1471 0.3570 0.2052 0.1515 0.3010
03080128180155 51 0.0SG5 0.0645 0.0647 0.0648 0.0878 0.0640 0.1904
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Plot Code

03060128170158
030601281402S2
030S0128130771
04A50128180155
04A50128170158
04A50128140771
04AS0128130155
04A601281G0158
04AS0128130262
04A60128130771
04870128330155
04670128150158
04670128140262
04870128011167
04670128140771
07050135130155
07050135200158
07050135150262
07050135150771
07060135140155
07060135200158
07060135010262
07060135160771
07070135260155
07070135220362
07070135160771
03070135180155
08070135170158
080701351402S2
08070135180771
08080135190155
08080135200158
08080135280362
08080135200771
34050141250156
34050141280362
34050141071271
340S0141240156
34060141240162
34060141091271
35060143150156
35060143150262
35060143130571
35060143140571
35070143240156
35070143120262
35070143060671
36070144270156
36070144140262
3S070144150571
37060144290156
37060144280362
37060144090671
18080137140155
18080137000158

Table 9 (continued)

No. N LN G B W SB 5%

43 0.1013 0.1153 0.1110 0.0732 0.0748 0.0731 0.2074
35 0.0717 0.0808 0.0777 0.1572 0.1093 0.1131 0.2299
35 0.0839 0.0742 0.0772 0.1443 0.1391 0.1378 0,2299
38 0.1344 0.1260 0.1283 0.1321 0.1620 0.1312 0.2206
37 C.1248 0.1134 0.1173 0.1233 0.1761 0.1209 0.223S
25 0.0538 0.0546 0.0564 0.0685 0.0864 0.0689 0.2700
35 0.1031 0.1022 0.1047 0.1067 0.1030 0.1061 0.2299
34 0.1138 0.0964 0.1021 0.1142 0.1595 0,1124 0.2332
29 0.1594 0.1507 0.1536 0.1780 0.1798 0.1785 0.2460
20 0.1183 0.1309 0.1270 0.1121 0.1093 0,1074 0.2940
48 0.0615 0.0826 0.0357 0.0349 0.1304 0.0950 0.1983
43 0.0S63 0.0668 0.06S6 0.0717 0.0935 0.0714 0,2074
26 0.0787 0.0818 0.0807 0.1181 0.1281 0.1146 0.2640
13 0.1337 0.1382 0.1364 0.2727 0.1701 0.1684 0.3610
13 0.1493 0.1503 0.1500 0.2615 0,1452 0.1270 0.3G1C
38 0.0730 0.0763 0.0751 0.0802 0.0745 0.0717 0.2206
34 0.1000 0.0996 0.0393 0.0933 0,0980 0.0353 0.2332
34 0.1031 0.0360 0.0384 0.2046 0.1233 0.1216 0.2332
20 0.0876 0.0827 0.0844 0.0969 0.1334 0.0394 0.2S40
50 0.0905 0.0742 0.079S 0.0893 0.1289 0.0885 0.1023
47 0.1238 0.1101 0.1150 0.1213 0.1492 0.1197 0.1984
47 0.0738 0.0582 0.0631 0.0863 0.1190 0.0860 0.1834
19 0.1234 0.1272 0.1282 0.1292 0.1200 0.1283 0.3010
39 0.0509 0.0566 0.0543 0.0685 0.0934 0,0672 0.2178
23 0.1359 0.1495 0.1454 0.2171 0,1042 0.1013 0.2730
12 0.2391 0.2307 0.2338 0.3574 0.2715 0.2438 0.3750
52 0.0832 0.1065 0.0989 0.0779 0.0703 0.0807 0.1B3S
46 0.0533 0.0683 0.0631 0.0981 0.0911 0.09E0 0.2005
46 0.0687 0.0B53 0.0792 0.1143 0.0973 0.1123 0,2005
14 0.2255 0.2192 0.2211 0.2970 0.2611 0.2286 0,3490
57 0.0604 0.0601 0.0577 0.0742 0.0982 0,0754 0.1801
48 0.1234 0.1409 0.1356 0.1042 0.0783 0.1005 0.1963
33 0.1055 0.1204 0.1156 0.0955 0.0918 0.0932 0,2397
17 0.03S1 Ö.0S8S 0.0903 0.1157 0,1125 0.1106 0.3180
65 0.0714 0.0525 0,0589 0.0828 0.0893 0,0814 0.1687
78 0.1007 0.1185 0.1131 0.0873 0.0760 0.0S78 0.1540
45 0.1634 0.2033 0.190S 0.1157 0,0911 0.1043 0.2027
135 0.0517 0.0635 0,0589 0.0567 0.0672 0.0570 0.117!
105 0.0707 0.0994 0.0896 0.0G64 0,0492 0.0625 0.1327
55 0.1874 0.2175 0.2081 0.1105 0.1222 0.1093 0.1834
138 0.0574 0.0568 0.0574 0.0720 0.0930 0,0698 0,1154
139 0.0710 0.0830 0.0783 0.0705 o.osss 0.0703 0,1154
68 0.1100 0.1230 0.1181 0« 1115 0.0371 0.1092 0.1643
19 0.0742 0.0852 0.0794 0.0916 0.0793 0.0851 0.3010
95 0.0520 0.0675 0.0616 0.0527 0.0773 0.0535 0.1335
87 0.0709 0.0558 0.0611 0.0S66 0.1019 0.0670 0.1458
35 0.0633 0.0889 0.0800 0.0546 0.0599 0.0573 0.1395
125 0.0465 0.06S1 0.0599 0.0452 0.04S8 0.0447 0.1216
31 0.0S73 0.0937 0.0843 0.0707 0.0558 0.0S84 0.1426
90 0,1049 0.1319 0.1234 0.0648 0,054! 0,0649 0.1434
104 0.04GS 0.0443 0.0425 0.0S54 0.0753 Ö.GS68 0.1334
120 0.0S03 0.1030 0.0880 0.0455 0.0392 0.0494 0.1242
98 0.1040 0.1511 0.1363 0.0827 0.0S2S 0,0796 0.1374
50 0.07S8 0.0955 0.0896 0.0939 0.1011 0.1023 0.1323
50 0.0873 0.1038 0.0988 0.08(36 0.0679 0.0874 0.1923
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Plot Code

18080137120262
18080137110571
18080237110155
18080237150158
18080237120262
18080237030571
21070138200155
21070138170158
21070138140262
21070138250671
22060138030155
22060138170158
22060138140362
220G0133270671
23060138250155
23060138200158
23080138160262
23060138230671
24050138250155
24050138170158
240501381602G2
24050138300671
24060138200155
24060138150158
24060138150262
24060138300671
25070138010255
25070138210158
25070138150262
25070138060771
26A60140260155
26AS0140210158
26AGO140210262
26A60140220771
03060135270155
09060135210158
0S0601351G0262
09060135200771
14060136140155

Table 9 (continued)

No. N LN G B W q 5%

50 0.1040 0.1338 0.1241 0.0934 0.0742 0.0537 0.1923
38 0.1S20 0.1812 0.1757 0.0901 0.1202 0.0756 0.2206
45 0.04S3 0.0550 0.0518 0.0532 0.0715 0.0529 0.2027
38 0.0716 0.0576 0.0622 0.0963 0.1045 0.0940 0.2206
38 0.1186 0.1084 0.1118 0.1373 0.1402 0.1384 0.2206
24 0.0729 0.0780 0.0760 0.0748 0.0751 0.0723 0.2740
71 0.0410 0.0450 0.0385 0.0724 0.0785 0,0661 0.1614
40 0.0937 0.1011 0.0988 0.0B1S 0.0857 0.0805 0.2150
40 0.0594 0.0674 0.0624 0.1282 0.1082 0.1154 0.2150
21 0.1470 0.1705 0.1625 0.2362 0.0820 0.0778 0.2880
56 0.0929 0.1321 0.1214 0.0595 0.0739 0.03S6 0.1817
35 0.0596 0.0713 0.0636 0.0563 0.0718 0.0565 0.2299
29 0.1072 0.1104 0.1093 0.1271 0.1335 0.1205 0.24S0
19 0.0837 0.0880 0.0885 0.0961 0.1071 0.CS05 0.3010
74 0.0501 0.0525 0.0448 0.0717 0.0775 0.0725 0.1581
58 0.0440 0.0507 0.0479 0.0677 0.06S1 0.0671 0,1786
54 0.0841 0.1102 0.1015 0.0663 0.0559 0.0655 0.1851
35 0.0908 0.1128 0.1061 0.2490 0.0846 0.0900 0.2293
59 0.0763 0.1279 0.1108 0.0629 0.0581 0.0550 0.1771
41 0.1272 0.1575 0.1483 0.0949 0.0813 0.0876 0.2124
39 0.0997 0.1327 0.1213 0.0998 0.0751 0.0897 0.2178
23 0.1543 0.1740 0.1618 0.2053 0.1559 0.1927 0.2790
59 0.0568 0.0847 0.0741 0.0570 0.0697 0.0615 0.1771
43 0.0480 0.0469 0.0426 0.0SS8 0.0787 0.0655 0.2074
35 0.0502 0.0537 0.0508 0.0556 0.0750 0.05S2 0.2299
23 0.1808 0.1656 0.1709 0.1797 0.2094 0.1786 0.2790
56 0.0800 0.0813 0.0S30 0.1212 0.1218 0.1161 0.1786
48 0.0788 0.0865 0.0912 0.0757 0.0S1S 0.077S 0.1983
36 0.0662 0.0617 0.0(330 0.06B6 0.1005 0.0688 0.2267
18 0.1667 0.158S 0,1611 0.3371 0.2117 0.1678 0.3020
31 0.0349 0.0501 0.0439 0.0583 0.0648 0.0589 0.1426
73 0.0779 0.0676 0.0710 0.0760 0.1028 0.0752 0.1592
74 0.0630 0.0562 0.0532 0.0615 0.0831 0.0596 0.1581
33 0.0884 0.1039 0.0989 0.1039 0.0856 0.1074 0.2367
52 0.0964 0.0771 0.0832 0.118S 0.1398 0.1157 0,1886
45 0.0725 0.0635 0.0686 0.0864 0.1170 0.0839 0.2027
45 0.0617 0.0745 0.0698 0.0772 0.0790 0.0816 0.2027
22 0.0668 0.0598 0.0621 0.0765 0.0958 0,0770 0.2640
61 0.0665 0.0860 0.0798 0.0565 0.0649 0.0569 0.1741
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Table 11

Estimated parameter values for the three parameter Sß distribution 
for both diameter and height data, together v;ith the estimates of 
p, (j) and 6.

A A  A  A

No. y i* l
A Yl l o

1 95 2 b316 4. 188 42. 313 -2. 022
2 85 -0. 581 n 470 36. 080 “1 . 893
3 57 -0. 311 3, 093 49. 723 -3. 2B3
4 101 -0. 470 1. 890 28. 927 -I . 642
5 79 -0. 913 1. 947 32. 513 -2 .330
6 7S -0. 715 1 .,991 40. 152 -2.,577
7 56 -0. 461 2. 024 52. 315 -2. 539
8 97 0. 374 3.,451 39. 507 ™1 . 133
9 75 1 . 153 4.,042 47. 653 2 ,009
10 57 0. 746 3. 392 55. 6GS -2.,162
11 36 0. 582 o ,317 65. 445' -0., SB3
12 115 -0. 571 ,990 26. 600 -1 .,564
13 79 1 . 217 4,,033 47. 640 -2.,199
14 69 0. 949 3.,272 55. 667 -2,,373
15 43 0. 344 2 ,929 65. 427 -3.,079
IB 98 -0. 814 i .,905 33. 6 OB -1 .,737
17 56 -1 , 044 n ,775 46. 581 -3..083
18 26 -1 . 561 0., 88G 45. 570 -3.,597
IS 98 -1. 157 1 .,959 32. 335 -2..601
20 71 0. 742 3.,954 52. 048 -3,.248
21 59 0. 451 3.,279 58. 640 -3,.433
22 33 -0. 131 1,.956 66. 677 -2,.694
23 77 -0. 272 1..891 33. 578 -0,.883
24 61 -0. 972 1,.479 33. 346 1,.568
25 46 -1. 097 1..832 40. cn 02 cn -2,.567
26 35 -1. 174 1,.636 51. 367 -2,.549
27 88 -0. 480 2 .483 32. ISO -2 .864
28 66 -0. 436 2 .701 37. 788 -3 .118
29 65 0.,034 2 .881 47.,073 -2 .929
30 44 -0. 471 2 . 180 50.,869 -3 .236
31 109 0. 831 2 .395 35. 810 -1 .372
32 101 1. 276 2 .318 52. 059 —2 .079
33 92 1. 216 1.998 S3. 92S -i .811
34 135 -0. 337 1.782 29.,580 -i .837
35 117 "0. 177 1.795 38.,935 .645
36 109 -0.,054 1. 4S0 47.,234 .313
37 43 1.,459 4 ,611 S3.,949 -4 .760
38 40 1.,021 4 .515 65.,779 ~3 .976
39 40 0.,035 .103 65.,211 2 .035
40 25 -2. o n o , s l J aL 9 .558 56.,710 -3 .449
41 33 -0.,152 4 .097 63., S50 -4 .451
42 32 ~0 ,,525 4 .044 66,,089 - 0 .999
43 32 -1 .,083 3.685 68,,121 -4 .964
44 16 -2,,292 3 .346 63,,761 -5 .745
45 16 -2.,523 2 .863 70.,601 -5 .964
46 39 “2.,459 2 .191 41..418 -4 .488
47 36 ~2.,430 ? .513 46..431 -1 .663
48 36 -2.,019 2 .724 53,.966 ~6 .831
49 22 -2,,934 3 .644 62,.186 -8 .446
50 22 “3,,271 2 .982 61,.396 -5 .918
51 38 - 0 , ,471 3 .885 63,.080 -4 .541
52 34 -0,.795 3 .766 65,.447 -6 .667
53 30 -1..397 3 .440 67,.685 -4 .336
54 19 “2 ,.932 2 .382 67,.017 -1 .986
55 51 2,.486 6 .110 63,.080 2 .572

A

6

/ \

X
/ \

P <t> 0

2 2

2.131 15.261 0.568 1.085 4.587
2.268 24.143 0.681 0.741 1.335
2.567 27.266 0.596 0.718 3.342
1.908 15.900 0.793 0.786 1.945
2.027 19.345 0.677 0.850 2.328
2.005 24.798 0.744 0.739 2.772
2.147 32.810 0.823 0.776 2.735
2.836 18.235 0,630 0.750 1.604
4.885 33.207 0.666 0.551 0.776
2.453 25.079 0.692 0.954 2.371
2.280 36.771 0.035 0.34S 1.905
1.918 15.393 0.721 Ö.74S 1.343
3.248 20.730 0.516 0.641 2.388
2.042 22.695 0.642 1.029 4.308
2.350 29.365 0.699 0.871 4.106
2.390 19.865 0.625 0.4S8 1.672
3.474 27.872 0.563 0.450 2.051
2.325 31.771 0.666 0.254 3.006
2.923 21.177 0.553 0.370 1.356
2.636 24.036 0.438 0.657 3.878
2.336 27.869 0.731 1.026 5.008
1.439 33.376 0.832 1.132 5.324
3.827 20.430 0.706 0.368 1.210
5.014 34.562 0.54S 0.161 0.658
1.957 24.320 0.777 0.648 2.402
1.479 29.261 0.799 0.884 2.973
2.103 16.764 0.531 0.627 3.456
2,990 22.367 0.547 0.494 2.619
3.871 29.996 0.641 0.477 2.143
1.788 28.956 0.791 0.964 4.960
2.971 17,391 0.783 0.632 1.975
1.697 20.726 0.745 1.018 5.965
1.424 26.670 0.833 1.177 7.302
1.949 15.814 0.730 0.667 2.261
1.785 22.166 0.725 0.729 2.340
1.532 28.203 0,850 0.827 2.287
5.426 30.111 0.408 0.347 2.683
4.392 32.741 0.248 0.255 2.620
9.762 55.050 0.202 0,094 0.793
5.593 41.468 0.101 0.046 1.779
6.938 36.870 0.39S 0.234 1.887
9.894 50.560 0.424 0.173 1.082
2.344 33.681 0.337 0.625 8.921
2.539 36,650 -0.174 -0.224 10.632
2.400 35.966 0.163 0.195 10.103
3.349 31.581 0.644 0.422 2.380
8.492 50.565 0.371 0.110 1.094
2.641 33.224 0.574 0.592 8.560
7.441 43.643 0.284 0.139 2.782
4.784 44.381 0.602 0.375 2.283
10.656 45.904 0.334 0.121 1.509
5.206 37.154 0.197 0.143 3.492
13.427 53.942 0.209 0.053 1.351
15.367 63.567 0.278 0.054 1.079
6.814 45.804 0.494 0.443 0.821
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Table 11 (continued)

No. Y
l

56 43 1.741
57 35 0 .732
59 35 - 0 .327
59 38 2 . G94
GO 37 2 . 31G
G l  25 0 .112
5 2 35 0 .848
5 3 34 0 .388
64 29 - 0 .419
65 20 - 1.932
GG 48 0 .292
67 43 - 0 . 0 SG
68 26 - 1.683
69 13 - 3.901
70 13 - 3 .674
71 38 0 .977
72 34 0 .286
73 34 - 1.736
74 20 - 2 .3 1 9
75 50 1.375
76 47 0 .202
77 47 - 0 .825
78 13 - 0 .7 4 6
79 39 - 0.591
80 23 - 1.894
81 12 - 3 .603
82 52 - 0 .087
83 46 - 0 .2 0 5
84 46 - 0 . 4S 0
85 14 - 1.316
86 57 - 0 .663
07 43 - 0.421
88 33 - 0 .874
89 17 - 1.560
90 65 1.585
91 78 0.781
92 45 - 0 .5 3 5  
S 3 135 - 0 .7 4 2  
94 105 - 0 .9 0 7
35 55 - 1 .105
36 133 - 1 .120
37 139 - 0.731
98 68 - 1.343
99 19 3 .0 3 9

100 95 1.267
101 87 2 .5 5 6
102 95 - 0 .2 5 3
103 125 - 1.210
104 91 - 1.080
105 90 - 0 .6 8 3  
108 104 - 1.063
107 120 - 0 .734
108 98 - 0 .612
109 50 - 1.068
110 50 - 1.063

6 A
l  l

5 . 751 6 5 . 061
5 . 426 6 7 . 652
4 . 257 7 0 . 421
5 . 326 6 3 . 085
5 . 307 6 5 . 442
3 . 850 7 0 . 411
4 . 055 6 3 . 087
3 . 802 6 5 . 443
3 . 538 6 7 . 682
1 . 640 5 9 . 296
4 . 351 6 3 . 079
4 . 108 6 5 . 420
3 .,545 6 2 .,305
n ,411 5 8 . 456
2 ,246 8 3 . 664
5 . 448 5 3 ,,351
5 .,020 5 8 .,635
3 .,213 5 2 .,984
4 ,,883 8 8 .,514
3 .,836 5 3 . 949
3 .,572 5 0 .,865
2 .,769 4 8 .,271
4 .,889 8 8 .,517
2 . 874 5 3 .,936
1 .,316 4 9 .,811
2 .,443 6 5 .,288
3 ,.294 5 3 ,.947
3 ,.090 5 8 ,.839
''3 .527 6 3 ,.037
2 ,.374 6 8 ,.517
3 ,.234 5 1 ,.321
3 ,.549 5 8 ,.630
3 ,.214 8 3 ,.028
i ,.816 8 7 ,.106
3 .081 4 2 ,.319
2 .223 4 8 ,.537
1 .625 48 .031
i .757 24 .948
1 .446 30 .008
1 .080 36 .290
2 .105 22 .414
2 .020 28 .087
1 .652 30 .287
3 .512 63 .930
4 .505 35 .816
4 .176 52 .045
1 .947 40 .052
1 .800 23 .899
1 .614 30 .678
1 .502 40 .051
2 .181 24 .453
i .332 27 .452
l .177 33 .260
2 .083 35 .586
1 .896 33 .352

T
A

6
2 2.

- 3 .5 5 0 2 .080
- 4 .303 2 .137
- 4 .489 2 .5 0 5

4 .826 10.247
4 .125 9 .247

- 5 .2 8 8 5 .4 8 7
1.730 5 .303
0 .5 6 0 5 .913

- 3 .5 4 4 2 .190
- 3 .7 9 5 2 .8 3 9
- 1.393 6 .324
- 3 .4 0 3 4 .8 79
- 4 .357 3.161
- 4.071 1.645
- 3.371 1.599
- 3 .4 7 5 2 .198
- 3 .3 9 9 2 .124
- 3 .9 4 4 2 .0 4 5
- 4 .907 5 .895

0 .7 0 8 6 .415
2 .7 8 8 7 .813

- 2 .5 0 0 4 .3 9 9
- 0 .4 1 0 6 .804
- 2 .1 9 4 3 .3 5 2
- 3 .506 1.704
- 3 .5 4 7 7 .952
- 2 .9 0 2 1.890
- 3 .3 5 2 2 .075
- 3 .3 7 9 2 .0 2 5
- 3 .1 8 2 9 . S 7B
- 1.874 3 .3 9 5
- 3 .0 6 5 1.838
- 4 .0 7 9 2 .518
- 4 .1 4 3 2 .723
- 1.933 3 .1 0 4
- 2 .1 8 6 1.350
- 2 .6 3 9 1.767
- 1.674 2 .6 8 5
- 2 .0 3 5 1.804
- 2 .3 1 2 1.491
- 2 .6 5 9 3 .258
- 1.874 3 .092
- 2 .9 2 8 2 .240
- 3 .492 2 .118
- 3 .316 3 .5 4 3

1.541 5 .885
- 2 .1 8 0 2 .3 3 9
- 2 .8 3 7 2 .8 6 5
- 2 .7 5 9 2.051
- 2 .2 8 3 1.743
- 2 .234 2 .608
- 1.868 1.820
- 1.459 1.639
- 2 .8 7 4 2 .208
- 2 .742 1.852

A P
2

24.041 0 .5 0 3
25 .146 0 .353
2 8 .805 0 .4 0 0
4 5 .906 0 .524
49 .419 0 .4 3 3
33 .684 0 .5 3 7
45 .906 0.581
44.251 0 .339
2 9 .057 0,221
33 .509 0 .394
45 .906 0 .4 4 3
41 .055 0 .596
37 .691 0 .5 9 9
36 .424 0.331
3 8 .710 0 .398
17.526 0 .337
20 .091 0 .115
2 3 .4 7 0 0 .353
35.251 0 .0 0 2
30 .656 0 .637
4 1 .030 0 .589
30 .7 1 0 0 .588
47.221 0 .238
29 .0 1 5 0 .4 2 3
31 .8 5 2 0 .636
56 .1 4 7 0 .584
2 3 .8 5 6 0 .7 3 3
26 .934 0 .7 3 8
32.231 0 .7 7 7
5 6 .087 0 .716
31 .2 1 0 0 .5 4 0
27 .7 3 7 0 .6 1 3
32 .636 0 .669
42 .5 5 7 0 .8 3 7
16.174 0 .6 2 4
2 0 .5 5 8 0 .868
25.451 0 .779
17.137 0 .778
21 .9 4 8 0 .796
26 .2 1 4 0 .8 1 8
16 .236 0.741
2 2 .2 7 7 0 .722
2 2 .3 1 9 0 .8 8 4
20 .7 2 6 0 .8 4 7
15.671 0 .4 8 2
35 .8 9 6 0 .7 2 6
26 .3 1 6 0 .816
16 .798 0 .7 0 8
22 .187 0.821
27.851 0 . B48
14 .954 0 .5 5 9
19 .202 0 .7 7 7
2 2 .7 0 8 0 .8 7 4
2 3 .4 4 7 0 .5 3 0
2 5 .2 9 9 0 .6 3 8

<J> 6

1.407 8 .4 3 6
0 .8 9 8 8 .5 3 8
0 .679 5 ,6 3 8
0 .2 7 2 0 .7 1 7
0 .248 0 .7 1 3
0 .4 1 9 2 .6 5 3
0 .4 4 4 0 .732
0 .2 1 8 0 .9 3 0
0 .3 5 7 4 .8 3 5
0 ,2 4 5 3 .158
0 .3 0 5 1.272
0 .5 2 3 2 .0 5 2
0 .6 7 2 3 .4 8 7
0 .4 8 5 5 .4 2 6
0 .553 4 .5 1 3
0 .836 5 .6 4 7
0 .2 7 2 5 .0 3 2
0 .5 54 5 .099
0 .0 0 2 2 .2 3 7
0.381 1.027
0 .263 0.711
0 .3 7 0 1.581
0 .169 1.035
0 .363 1.796
0 .492 3 .857
0 .179 1.193
1.288 4 .487
1.099 4 .676
0 .969 4 .445
0 .170 1,199
0 .524 1.563
1.183 4 .605
0 .854 4 .006
0 .5 5 9 2 .8 3 5
0 .619 2 .614
0 .992 4 ,3 4 4
0 .7 1 7 3 .5 1 8
0 .509 1.504
0 .638 2.071
0 .592 2.571
0 .479 1.753
0 .472 1 .546
0 .503 2.441
1.405 17 .543
0 .614 3 .030
0 .515 1.056
0 .663 2 .2 7 6
0 .445 1.862
0 .646 2,511
0.731 2 .653
0 . 4S 8 1.876
0 .569 1.826
0 .628 1.757
0 .500 2 .844
0 .654 3 .048
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Table 11 (continued)
/N / s  / \ A /V.

No. y 6 X y 6 X P 4> 0

i l 1  2 2 2

111 50 - 0 .8 5 5 1.682 43 .309  - 2 .7 9 9 1.539 29 .566 0 .632 0.691 4 .3 4 0
112 38 - 0 .679 1 .195 50 .049  - 2.151 1.272 34 .5 9 5 0 .824 0 .7 7 4 3 .4 9 5
113 45 0 .166 2 .4 4 5 49 .9 6 5  - 2.671 3 .633 27 .6 2 2 0 . S83 0 .459 2 .1 5 2
114 38 - 0 .0 1 9 2 .9 5 7 55 .251  - 3 .6 8 7 3 .206 29 .8 2 7 0 .5 4 8 0 .506 3 .148
115 38 - 0.181 2 .7 6 2 6 1 .079  - 3 .535 2 .188 32 .0 4 7 0 .4 4 7 0 .564 4 .8 5 0
116 24 - 0 .834 2 .988 67 .6 8 7  - 4.231 2 .994 40 .295 0 . 51S 0 .5 14 3 .5 5 9
117 71 - 1.332 1.586 30 .439  - 1.582 2 .2 7 7 20 .002 0 .696 0 .4 8 5 1.333
118 40 0.431 4 .709 53 .353  - 2.011 2 .478 24 .9 8 0 0.571 1.085 2 .4 8 7
113 40 - 0 .006 3 .569 59 .920  - 2 .6 6 5 1.948 27 .1 4 6 0 .770 1.411 3 .918
120 21 - 1.161 2 .857 67 .163  - 3 .373 1.579 3 1 .5 4 7 0 .7 5 9 1.373 4 .8 8 5
121 56 0 .296 1.764 47 .660  - 1.028 1.194 18 .288 0.771 1.139 2 .8 6 6
122 35 - 0 .336 2 .5 1 2 53 .946  - 1.592 3 .457 28 .459 0 .7 1 6 0.521 1.479
123 29 - 0 .842 2 .4 0 7 5 9 .320  - 3.441 2 .833 28 .942 0 .589 0 .500 2 .828
124 19 - 2 .4 5 3 1.813 5 7 .710  - 4 .365 3 .364 38 .264 0 .4 8 6 0 .2 6 2 2 .5 6 8
125 74 0.671 2 .0 8 5 4 1 . S02 - 1.734 1 .932 18 .528 0 .845 0.911 3 .2 3 0
128 56 0 .880 2 .6 5 8 50 .669  - 2 .663 2 .3 1 0 2 0 .573 0 .744 0 .856 4 .205
127 54 0 .7 7 7 2 .705 5 6 .8 3 3  - 2 .538 1.966 24 .431 0 .695 0 .956 4 .935
128 35 - 0 .033 2 .213 5 8 .152  - 2 .250 1.642 28 .814 0 .7 6 3 1.028 3 .876
123 59 - 0 .536 1.502 33 .072  - 1 .533 1.606 16.002 0 . B13 0.761 1.980
130 41 - 0 .1 7 4 2 .448 45 .641  - 2 .028 1.635 19.202 0 .7 5 7 1.133 3 .1 8 9
131 39 - 0 .537 2 .395 50 .1 8 2  - 2 .2 2 9 1.943 2 4 .4 7 8 0 .6 9 8 0 .860 2 .5 9 7
132 23 - 1.235 1.145 47 .404  - 1.972 1.497 2 9 .458 0.891 0 .682 1.790
133 59 1.036 2 .762 47 .585  - 1.737 1.746 16.308 0 .788 1.247 4 .3 15
134 43 - 0 .404 2.281 4 3 .043  - 2 .365 2 .778 21 .3 9 0 0 .7 0 2 0 .576 2 .1 1 5
135 35 0 .334 3 .233 59 .9 1 9  - 2 .7 69 3.671 2 7 .474 0 .6 8 5 0 .604 2 .2 6 3
136 23 - 0 .587 3 .1 8 8 67 .1 0 0  1.098 6 .532 5 2 .829 0 .683 0 .334 0 .795
137 58 - 0 .1 5 8 2 .010 42 .231  - 2 .172 2 .246 18.136 0 .772 0.691 2.491
138 48 0 .248 2 .588 53 .944  - 2 .3 5 3 2 .1 5 6 2 2 .658 0 .6 1 7 0.741 3 .1 9 8
139 36 - 0 .208 2 .5 5 4 59 .916  - 0 .672 5 .2 1 2 41 .562 0 .776 0 .380 1.103
140 18 - 1.411 2 .3 5 8 67 .2 0 0  - 1.955 11.140 52 .829 0 .612 0 .130 1.103
141 91 - 0.731 2 .0 4 3 27.731  - 2 .073 2 .4 7 9 16.108 0 .7 4 7 0 .8 1 5 1.352
142 73 1.904 4 .172 4 3 .956  1.552 6 .3 4 4 31 .3 8 3 0 .635 0 .418 0 . S 48
143 74 1.288 3 .6 7 5 54 .1 24  1.058 5 .0 1 3 39 .7 7 5 0 .502 0 .388 0.821
144 33 - 1.091 1.291 41 .505  - 2 .3 1 7 1.506 28 .1 3 5 0.751 0 .644 2 .703
145 52 1.228 3 .826 53 .325  - 1.909 3 .102 2 3 . S03 0.771 0.951 2 .5 1 0
146 45 0 .954 4 .384 58 .245  - 2 .8 5 5 4.391 28 .8 1 5 0 .630 0 .6 29 2 .1 9 7
147 45 0 .492 4 .282 63 .0 8 4  - 3.671 2 .0 5 9 25 .9 8 7 0 .593 1.233 S . S4S
148 22  - 0.751 3 .646 68 .4 3 0  - 5 .6 2 0 4 .423 34 .7 2 9 0 .6 7 6 0 .557 3 .177
149 61 0 .530 2 .012 41 .802  - 1.745 2.251 20.801 0 .823 0 .736 2 .6 3 5
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Figure 15

S median regression curve. BB Plot 33A601 measured 28/3/62; (j)>l.

SB8 MEDIAN REGRESSION CURVE
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Figure 16
S median regression curve. Plot 28A601 measured 20/1/58; (j)<l. BB

Hlfi n n i

S88 MEDIAN REGRESSION CURUE



Table 12

Parameter estimates for the bivariate normcil distribution.

Plot Code No.
✓N

y i
/N

a 2l
A

y 2
A

a 22 p

31A50141230156 95 15.524 5.503 12,.031 1.948 0.551
31A50141210362 85 20.072 12.147 17.962 4.982 0.883
31A50141230871 57 26.080 15.347 22.438 3.257 0.607
31A60141280155 101 16.138 12.758 12.310 2.B74 0.78G
31A60141220158 79 19.783 14.174 15.786 3.039 0.692
31A601411403S2 76 23.438 21.650 20.446 4.470 0.751
31A60141230871 56 28.948 37.096 26.090 7.475 0.831
32AG014119015S 97 18.234 7.377 12.723 2.444 0.631
32A60141210158 75 20.496 8.138 14.569 2.641 0.669
32AG01412102S2 57 24.843 15.874 18.852 4.322 0.685
32A60141250871 36 28.792 45.989 23.410 13.916 0.833
33A60141020255 115 16.238 11.074 11.850 2.787 0.725
33AB0141220158 73 20.307 8.261 14.378 1.980 0.507
33AS0141280362 69 23.913 16.655 18.341 4.131 0.620
33A60141061271 43 30.952 30.157 24.178 4.387 0.630
27070140250156 98 20.138 15.917 14.565 3.186 0.641
27070140150262 56 27.486 15.672 20.347 2.704 0.564
27070140270771 26 36.667 42.819 27.227 3.927 0.657
27080139280155 98 20.566 13.109 16.209 2.198 0.574
27080133210158 71 23.629 10.393 19.748 2.532 0.416
27080139150262 59 27.337 19.072 23.725 3.486 0.696
27080139230771 33 34.854 64.835 29.570 10.167 0.813
2SA60140260155 77 17.912 17.499 12.730 1.354 0.719
28AG0140200158 61 21.469 22.436 15.325 2.789 0.539
28AS014C160262 46 26.438 28.092 20.173 4.402 0.802
28AG0140280771 35 33.931 42.995 25.573 7.918 0.812
29070140280155 88 17.595 9.570 14.471 1.739 0.575
29070140210158 66 20.374 11.196 17.725 2.049 0.589
29070140210362 65 23.407 15.558 21.641 2.801 0.657
23070140200871 44 27.935 29.778 25.804 4.930 0.797
30860143240156 109 14.957 12.244 11.318 1.847 0.778
30860143140362 101 19.307 25.260 17.007 4.893 0.724
30860143151271 92 23.021 48.394 21.560 10.372 0.820
30870143240156 135 16.088 14.926 12.506 2.544 0.745
30870143210262 117 20.395 25.621 16.880 8.096 0.741
30870143101271 108 24.005 52.213 20.861 13.674 0.849
01A50127260155 43 27.013 11.306 22.523 1.317 0.402
01A50127160158 40 29.235 12.664 24.540 2.321 0.244
01A501271302G2 40 32.468 15.345 25.653 2.399 0.203
01A50127080771 25 39.645 20.637 28.188 2.820 0.121
01A60127170155 33 32.543 14.642 25.442 1.443 0.407
01A60127160158 32 35.139 15.728 27.851 1.611 0.434
01A60127I20262 32 38.941 18.953 31.132 2.330 0.455
01A60127011167 16 46.133 18.572 34.138 1.812 -0.093
01A60127080771 16 49.508 21.009 34.309 1.326 0.121
01A70127180155 39 30.851 11.702 26.197 2.466 0.605
01A70127160158 36 33.323 13.214 29.041 2.152 0,327
01A70127130262 36 36.280 18.145 32.063 0.745 0.580
01A701270111S7 22 42.787 13.095 34.290 1.166 0.309
01A70127090771 22 45.715 15.023 35.606 2.621 0.634
02A70128200155 38 33.448 16.041 29.080 1.053 0.335
02A70128170158 34 36.098 17.699 30.310 1.487 0.192
02A70128140262 30 40.473 21.267 32.588 0.917 0.200
02A7012S120771 19 48.443 19.583 35.132 1.082 0.292
03060128180155 51 25.246 6.151 19.952 2.815 0.500



Table 12 (continued)

Plot Code No.
/N

0
i

/\
G2

i

A

y
2

/X

a2
2

/X

P

03060128170158 43 27.689 7.576 22.073 2 u 848 0.488
03060128140262 35 31.387 9.513 23.269 1.645 0.363
03060128130771 35 36.539 16.649 25.795 2.063 0.402
04A50128180155 38 23.789 7.838 18.958 1.131 0.521
04A5Ö128170158 37 25.750 8.744 20.603 1.618 0.432
04A50128140771 25 34.698 20.016 25.634 1.499 0.590
04A601281Q0155 35 28.303 14.563 20.574 4.404 0.583
04A60128160158 34 31.078 18.007 22.385 3.452 0.338
04A60128130262 29 35.805 21.955 25.277 3.293 0.231
04A60128130771 20 44.373 41.526 28.156 3.948 0.358
04670128180155 48 30.501 12.889 26.756 3.172 0.440
04B70128150158 43 33.002 15.563 28.910 3.873 0.594
04670128140262 26 38.276 16.818 32.315 2.927 0.593
04870128011167 13 48.338 11.537 34.473 3.073 0.466
04870128140771 13 52.732 15.589 36.377 3.735 0.454
07050135190155 38 24.585 5.956 15.669 1.322 0.327
07050135200158 34 28.493 8.332 17.817 1.771 0.106
070501351502G2 34 33.326 14.246 21.565 1.652 0.436
07050135150771 20 42.158 10.527 25.817 1.569 0.007
07060135140155 50 22.266 11.328 15.789 1.405 0.633
07060135200158 47 24.727 12.308 18.210 1.620 0.536
07060135010262 47 27.534 17.335 20.856 2.551 0.581
07060135160771 19 36.834 11.861 25.619 2.982 0.235
07070135260155 39 29.633 20.520 20.304 3.693 0.438
07070135220362 23 39.006 33.413 29.122 4.084 0.771
07070135160771 12 52.610 16.065 35.509 2.772 0.540
08070135180155 52 27.338 16.088 20.627 3.582 0.716
08070135170158 46 30.259 21.457 23.539 3.413 0.735
08070135140262 46 34.273 35.791 28.075 4.365 0.779
08070135180771 14 46.887 34.995 33.767 1.8S0 0.712
08080135190155 57 28.181 14.258 21.026 4.409 0.542
08080135200158 48 31.020 16.243 24.279 4.643 0.594
08080135280362 33 35.691 22.194 28.314 3.405 0.675
08080135200771 17 46.327 55.443 35.966 5.405 0.857
34050141250156 65 15.945 10.185 11.840 1.341 0.614
34050141280362 78 19.415 23.490 16.569 3.838 0.861
34050141071271 45 26.529 39.379 21.732 5.375 0.812
34060141240156 135 14.900 10.320 12.378 2.015 0.783
34060141240162 105 19.169 19.625 17.596 5.200 0.836
34060141091271 55 25.650 40.703 22.408 8.249 0.904
35060143150156 139 13.979 5.727 12.497 1.097 0.754
35060143150262 139 16.422 10.314 15.641 2.831 0.736
35060143130571 68 20.614 14.142 18.651 2.985 0.780
35060143140571 19 19.154 14.489 18.481 1.968 0.789
35070143240156 95 15.433 3.786 12.503 0.795 0.474
35070143120262 37 18.367 8.069 16.925 2.226 0.731
35070143060671 95 21.263 22.573 19.875 4.968 0.825
36070144270156 125 15.582 8.114 13.227 1,40S 0.726
36070144140262 91 19.854 16.577 18.663 3.298 0.840
36070144150671 90 24.134 33.853 22.674 7.347 0.871
37060144290156 104 15.025 6.317 11.710 1.399 0.585
37060144280362 120 17.073 19.014 14.794 4.536 0.816
37060144030S71 98 20.415 34.933 17.105 7.890 0.876
18080137140155 50 22.037 14.869 19.513 3.2B8 0.568
18080137000158 50 24.110 20.054 21.580 4.631 0.657
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Table 12 (continued)
A /\ /\

Plot Code No. y i
o 2

l y 2
a 2
2

P

18080137120262 50 26.645 32.315 26.222 6.844 0.683
18080137110571 38 31.006 76.217 29.610 17.170 0.856
18080237110155 45 24.164 24.085 19.893 2.720 0.686
18080237150158 38 27.833 20.613 23.813 2.857 0.545
18080237120262 38 31.476 28.242 27.733 4.107 0.470
18080237030571 24 38.386 28.401 33.496 4.589 0.544
21070138200155 71 20.839 15.130 14.506 3.589 0.696
21070138170158 40 25.756 8.025 18.437 4.419 0.565
21070138140262 40 29.978 17.021 22.609 4.992 0.769
21070138250671 21 40.122 30.423 29.050 5.511 0.725
22080138090155 56 21.957 40.147 13.749 9.264 0.779
22080138170158 35 28.687 26.160 18.689 3.702 0.713
22060138140362 29 34.894 31.241 23.449 3.242 0.623
22060138270671 19 45.005 23.374 31.194 3.677 0.519
23060138250155 74 17.739 21.658 14.264 3.687 0.852
23060138200158 58 21.314 19.731 16.764 2.636 0.753
23060138160262 54 24.492 24.627 20.303 4.388 0.711
23060138290671 35 29.788 40.626 22.237 6.901 0.791
24050138250155 59 19.206 23.789 12.626 4.095 0.832
24050138170153 41 23.591 20.306 15.887 4.463 0.751
24050138160262 39 27.777 24.938 19.601 5.449 0.688
24050138300671 23 33.932 53.501 23.386 11.435 0.809
24050138200155 59 19.515 16.291 12.988 3.298 0.789
24060138150158 43 23.344 19.633 16.179 2.539 0.722
24060138150262 35 28.441 20.573 19.908 2.601 0.689
24060138300671 23 36.553 26.277 25.510 4.008 0.686
25070138010255 58 21.892 24.735 14.286 2.495 0.789
25070138210158 48 25.723 25.373 18.050 3.842 0.573
25070138150282 38 31.115 32.098 23.406 3.871 0.781
25070138060771 18 42.973 37.129 30.023 1.375 0.584
26A 60140260155 91 16.195 3.720 12.438 1.813 0.771
26A 60140210158 73 19.450 7.949 15.357 1.529 0.633
26A 60140210262 74 22.452 12.357 19.114 3.759 0.503
26 A 6 0 140220771 33 28.139 40.326 22.306 6.317 0.800
09060135270155 52 22.743 11.492 16.735 2.976 0.772
09060135210158 45 26.021 10.568 20.181 2.151 0.634
09060135160262 45 29.752 13.203 23.283 2.607 0.565
09080135200771 22 37.696 20.760 28.333 1.811 0.661
14060136140155 61 18.305 23.993 15.387 3.796 0.617


