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Résumé

Reading the recent paper by Lars Strand, the author found that his formula

derived from ‘‘Variable rectangular plots”, could be deduced as a special case of
Poincaré’s formula in integral geometry.

1. Suppose a plane field of size 7 in which there is a fixed curve Ko of length

L, and suppose a variable rigid curve K of length L. Let the number of intersec-
tion points of K with K, as a function of K be n. Then the kinematic expectation
of » is given by KE(n) =2L.L{II T under the condition of unbiasedness. This formula
can be derived by primary mathematics, if as a special case a staight line of Ko
and total perimeter of circles of K are treated (see fig. 1,2,3).

In timber survey, regard L as the total perimeter of circles, radii of which
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being % cot B, where k; denotes the height of trees of N in number in the field T
so wide enough, and 8 the elevation of the tree top from the plane field, namely
L=2Nir E(h)cot 8

Let the tree count by Strand be S ,meant by the number of trees sampled
proportionally to their radii (4 cot ), perpendicular to the straight line-grid of
length Lo, and such tree count S can be estimated easily by means called H-measure-
ment with ,,Conometer‘‘ of the vertical angle 5.

Now KE(#n) in the above formula can be replaced with 4E(S), because two
intersection-points between K and K, corresponds just to one tree count in the case
of one side sampling with such a line-grid (see fig 1,2,3).

Then it follows that:

E(S)=LyNE(h)cot 8/T

namely NE(h)=E(S)T tan g/Ls QY]

The above is one of the principal formulae by Strand.

Measuring diameter (dr;) of such trees as above, the expectation of their
cross-sectional area gr; is given by

TE(dy®)/4=3) (i NECH)) gas @

,because gn: is sampled, as above mentioned, proportionally to its height %

From formulae (1) and (2), the sum of the tree cylinder (=§](hg)i), denoted
by Ms, is given as follows:

Ms,=E(S)E(dn?)T tan g I1/4Lo

Strand’s case corresponds to the above formula, where 7=100%m?, tan g=
2 and Lo=b5r m.

Another formula by Strand for estimating G as S-E(d,)/10 is also deduced by
the same approach as above, where S, denotes the expectation of ,,relascopic'‘ tree
count, and d. the diameter of trees counted there, making use of the fact that
E(d,)=d(1+Cs?), d denotes the population mean of diameter in the stand. By
the way, it can be obtained that the harmonic mean of diameters of trees counted
as such is an unbiased estimate of 4, and the special mean height by Strand
can be calculated from Ms=Gh;s as follows:

hs=h(1+pmC,Cr) , thus
hs is always longer than %(1+C»2/2) by the author or Essed, F.E., and of course
h, the pure mean height, which can be estimated directly by Strand’s principal
formula (1).

2. The variance of tree count in such sets of forests that each tree moves
distributing spatially at random in the field of 7 wide enough, is given by the
author as follows: B

V(S)=E(S)—{E(S)}*(1+C;*) /N
, where C. denotes the coefficient of variation of radii of transformed circles for
estimating total diameter or height.
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Since in forestry practice, the second term of the above formula can be
neglected enough, it is written approximately by: ,
V(S)=E(S), thus C#=1E(S) €))
Denote the tree count by BiTTERLICH'S methods as B, and the variance of
B.variate is given, as above case, by:
V(B)=E(B), thus Cs=1/E(B) @)
In the conventional fixed plot method, if the tree count is denoted by F, the
variance of F' is given as follows: .
V(F)=E(F), thus Cg=1/E(F) (5)
The estimates of G, h, Ms and Gk by variable and fixed plots methods are
given as follows:

by formula notices
BITTERLICH Gs=ksB- B,: the relascopic tree count in hori-
zontal WZP; ks: the basal area factor
(=Zy).
STRAND Gs=ksS, Sr: the relascopic tree count in his
: variable rectangular plot method.
Fixed plot method Gr=FkrFg F: the tree count in the fixed plot of

constant size, g: the expectation of
cross-sectional area in the stand.

HiraTa he=ken/ B]N B.: the conometeric tree count in
vertical WZP., N: the stem number per
hectare.

STRAND ~ hy=kscS/N Sc: the conometeric tree count in his
variable rectangular plot method.

Random Sampling &= h:/B. h: the mean height of random sample
tree of size B..

STRAND M s=kusS.E(d?) d.: the diameter of the conometeric tree
counted in his variable rectangular plot
method.

Combined WZP. Mpoe=Gghe d: the mean diameter of nearest tree

=kacv B, B. d sampled secondly at sample point for
or =kger B,B,d; WZP., d,: the diameter of mean basal
area tree in sample as above.

In order to compare their precisions with each other, such assumption must
be taken that the total area of their plots, variable or fixed, circular or rectangular,
is. expected to be the same one, namely, Cs?=Cg*=Cr?.

Then (Cs8/Cas)2=1/(1+C?4,)

(Ces/Cer)2=1/(14+4Cs%)
(Ces/Cer)?=(1+C2%,)/(1+4Cs?)
, where C%,=C%(1-3Cq?) =Cq?.
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When there is no sampling error in estimating N, followings are resulted in

on the camparison of precisions of height estimation:

(Cne/Cry)2=1/4

(Cre/Cr)2=(0.5/Cr)?
, where Ch. denotes the coefficient of variation of %; in the stand, and it must be
noticed that C», calculated under assumptions as shown above, is probably the
largest one in existing forests and, (Cu,/Cxzo)?= (1+4C4%)/(1+Cs?), in the condition
of C¢=Cp?*2=Cn?2, Sc=2B,=2B.=a, which means comparing in the same
number of tree count expected respectively in both methods.

Taking account of values of ratio between coefficients of variation in such a
number of methods as above, moreover, considering of our practical viewpoint, it
may be concluded that the combined variable circular plot methods (WZP) for
estimating G/ has a better efficiency than others , at least, for forest inventory
in slope so complicated, although in this case two kinds of sampling of so called
B-and H- measurement must be replicated independently to each other, however,
Strand’s method of variable rectangular plot, for estimating the total volume
of tree cylinder (=2N(gh)i will do well in an inventory for flat timber land.

3. It is worthwhile to notice that the average formquatient (h/d) is given
from the ratio of conometeric tree count to the relascopic one, approximately by
k~'B.B,, therefore, the stand form factor (f=V/Gh) can be made use of for
estimating V from Gshe(=Gh) if the form factor table might be prepared in terms
of (h/d).

For estimating the stem number per hectare , mean diameter or the diameter
of mean basal area tree, which are necessiated by the formula ksev ' B,B., d or
ksov' B.B, d, for estimating Gk through horizontal and vertical WZP, the author
proposes from practical viewpoint that at every stand point taken at random or
by systematic method, diameters of nearest trees be measured.

The stem number per hectare is estimated by G from WZP divided by the
mean basal area g, which can be estimated from sample taken as written above.
These values estimated by subsample of diameters are found to be unbiased,
because nearest trees from first sample points can be regarded as random, so
long as the points are taken in an unbiased fashion in the field.

Necessary size (n) of sample point for estimating M so(=Gh) is given
by n==Cupc®la®
, Where Curc®=(Cr2+Ca?) /4+Ca?la
from the formula Msc=*kscv/ B,B, d or =ksoeV B,B.: dy, Cr2=1/B,=Z;/G

Cs*=1/B:=100? tan® 8/Nzh?, a=B, the number of nearest tree at a sample
point, and #=2, «=0.05 in forestry practice. For example, when G=40 m?/ ha,
Z;=4, tan f=4/2;, N=800 and ~=20m, # is given by 80, which may be useful
especially in inventories within stratum on a larger scale. (Feb. 1958)



