





The principles of multiple regression analysis are used to estimate Y from
Xl, XZ‘ and X3.

The following analysis is simplified by transforming X's and Y's to deviations
from the mean:

and
y=Y-Y,

Normal set of equations for Y = f(xl,xz,xs) + e is

Tx by * Tryyxb, ¢ Txyi%3ib3 = XYy
DI TLSTLIN )EXZZin + Xxgixgiby = Xxpyy;
2x3i%)3by * Txgixgib, ¢ ):xzsibs = Xx5iYs
and
¥y - T0yzby ¢ Xyyby + Xgbg) = mb .

Note that the variables in the fourth equation are uncorrected for deviations from
the mean.

The serial correlation coefficient obtained from the bulk depth transect is
related to the product mean and has this relation:

= cor(x;,x;. ), = —J——J—COV(X-,X.'E)
ab 3*7jsa’d Vvar(x.)var(x )
j j*a

T

where a is the lag and b is the orientation and have values a = 1y 25 b = 1y 2y 35
The above expression can be written:
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x's and y's are interchangeable (see p. 13) as we move through array filling cells.
Thus

and

.2
[xjxj*a]b =X

The following diagram is used to determine orientation and lag of the correlation.

As examples, it can be seen that the correlation of cells X, and X3 have orienta-

tion 1 and lag 1. The correlation of cells x, and A have orientation 3 and lag 2.

1
Cells A and B are included to help in evaluating X)Xg5¢ The correlation, xliXSi’
is estimated by averaging the correlations of lag 2 illustrated by cells A and B

in relation to cell Xl' because a direct estimate from the linear transect does not

exist.

Since cells A and B are adjacent and directly above and below XS’ we define
XliX3>1 as:

X 5Xg5 = (Tp) + Tp3)/2.

Also, we can make the following observation:

Yy 2 Xy o Xgy =Xy = X
and
2. i @k, =
1 %21 T X3

We can now transform the coefficients of the b's of the normal set of equations
with information gained from serial correlations along the three principle axes.



The transformed normal set of equations are below:

2 =7 T21 * Tasv 2
xbl * T X bz* (————Z )x h3= X
i 2 2 2
T 3X bl + X hz + T b3 = T HX
Ty + Ty, —= — — -
21 23\ .2 2 2 2
( 3 )xbl~r“xb., xb3=rnx
and
by = X(1 - b, - b, - by)
where

X = estimate of the mean bulk depth

r.al

X" = estimate of the variance of the bulk depth.

2 : .
Note that although x” cancels in the above equations, it is retained for clarity.

Transec;s oriented in directions 1 and 3 should have equivalent parameters be-
cause of their symmetry about the uphill orientation (orientation 2). The following
changes have been made to insure this symmetry:

5 ' =
T = T3t gyt oryg)/2.

Primes pertain to transformed new values. Theoretically, the serial correlation of
lag 2 should be the square of lag 1. To insure that the two matrix elements (1,3)
and (3,1) that have correlation of lag 2, (R,, + R,;)/2, are influenced by this,re-
lation, the following change has been made: 21 23

. 2 . .2 2
(ry) * 1p9)/2 + [(r 1t g P T 13)/3]/2 = [(ryy + ryp/2]

where the second term is the mean of the squares of the three correlations of lag 1.
Note that rl’l and ris are the new values as expressed above.

Solving the three simultaneous equations gives:
= _ 2

by =bg =R - 1)/ (R, - 2R] + 1)

b, = ¥,

2

12. = 24Py

where
Ry = (myy + 1p3)/2
R, = (r,, *+ 1,.0/2 + (28> + 12.)/6
2 21 * T23 1" gl
Rewriting for completeness

b =X -b

o =8y = byl

1
where X is the mean bulk depth.
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The coefficients of the regression equation, bl’ bz, and bs, depend only on
the serial correlation coefficients of the slash transects (all three orientations
at lag 1 and orientations 1 and 3 at lag 2). The coefficient h° has an additional
dependency on X, the mean bulk depth.

APPENDIX V: ERROR TERM

The error term is derived by random access of the cumulative distribution of
the bulk depth (fig. 10). Random access is achieved by entering on the y-axis of
the distribution with a random number from O to 1. The mean bulk depth is then
subtracted from the accessed bulk depth to obtain the first estimate of the error,
e'. The error is further modified by taking into consideration the relation of
the variance of the estimate of y, y, given x, to the variance of y (Kendall and
Stuart 1967):

where R = multiple correlation coefficient.

We can write the following expression for the error by recognizing the simi-
larity of the variance to the square of the error:

c=Vl-Rze'.
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Figure 10.--Cumulative probability distribution of the bulk depth.
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